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TITLE OF THE INVENTION 

A METHOD OF TREATING CANCER 

BACKGROUND OF THE INVENTION 
5 The present invention relates to methods of treating cancer, 

and more particularly cancer associated with cells that produce prostate 
specific antigen (PSA), which comprise administering to a patient in 
need thereof at least one inhibitor of a prenyl-protein transferase and at 
least one conjugate, which comprises an oligopeptide that is selectively 

10 cleaved by PSA and a cytotoxic agent. 

In 1996 cancer of the prostate gland was expected to be 
diagnosed in 317,000 men in the U.S. and 42,000 American males die 
from this disease (Garnick, M.B. (1994). The Dilemmas of Prostate 
Cancer. Scientific American, April :72-81). Thus, prostate cancer is the 

15 most frequently diagnosed malignancy (other than that of the skin) in 
U.S. men and the second leading cause of cancer-related deaths (behind 
lung cancer) in that group. 

Prostate specific Antigen (PSA) is a single chain 33 kDa 
glycoprotein that is produced almost exclusively by the human prostate 

20 epithelium and occurs at levels of 0.5 to 2.0 mg/ml in human seminal 
fluid (Nadji, M., Taber, S.Z., Castro, A., et al. (1981) Cancer 48:1229; 
Papsidero, L., Kuriyama, M., Wang, M., et al. (1981). JNCI 66:37; Qui, 
S.D., Young, C.Y.F., Bihartz, D.L, et al. (1990), J. Urol. 144:1550; Wang, 
M.C., Valenzuela, L.A., Murphy, G.P., et al. (1979). Invest. Urol. 

25 17:159). The single carbohydrate unit is attached at asparagine residue 
number 45 and accounts for 2 to 3 kDa of the total molecular mass. PSA 
is a protease with chymotrypsin-like specificity (Christensson, A., 
Laurell, C.B., Lilja, H. (1990). Eur. J. Biochem. 194:755-763). It has been 
shown that PSA is mainly responsible for dissolution of the gel structure 

30 formed at ejaculation by proteolysis of the major proteins in the sperm 
entrapping gel, Semenogelin I and Semenogelin II, and fibronectin 
(Lilja, H. (1985). J. Clin. Invest. 76:1899; Lilja, H., Oldbring, J., 
Rannevik, G., et al. (1987). J. Clin. Invest. 80:281; McGee, R.S., Herr, 
J.C. (1988). Biol. Reprod. 39:499). The PSA mediated proteolysis of the 

35 gel -forming proteins generates several soluble Semenogelin I and 
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Semenogelin II fragments and soluble fibronectin fragments with 
liquefaction of the ejaculate and release of progressively motile 
spermatoza (Lilja, H., Laurell, C.B. (1984). Scand. J. Clin. Lab. Invest. 
44:447; McGee, R.S, Herr, J.C. (1987). Biol. Reprod. 37:431). 
Furthermore, PSA may proteolytically degrade IGFBP-3 (insulin-like 
growth factor binding protein 3) allowing IGF to stimulate specifically 
the growth of PSA secreting cells (Cohen et al., (1992) J. Clin. Endo. & 
Meta. 75:1046-1053). 

PSA complexed to alpha 1 - antichymotrypsin is the 
predominant molecular form of serum PSA and may account for up to 
95% of the detected serum PSA (Christensson, A., Bjork, T., Nilsson, O., 
et al. (1993). J. Urol. 150:100-105; Lilja, H., Christensson, A, Dahlen, U. 
(1991). Clin. Chem. 37:1618-1625; Stenman, U.H., Leinoven, J., Alfthan, 
H., et al. (1991). Cancer Res. 51:222-226). The prostatic tissue (normal, 
benign hyperplastic, or malignant tissue) is implicated to predominantly 
release the mature, enzymatically active form of PSA, as this form is 
required for complex formation with alpha 1 - antichymotrypsin (Mast, 
A.E., Enghild, J.J., Pizzo, S.V., et al. (1991). Biochemistry 30:1723-1730; 
Perlmutter, D.H., Glover, G.L, Rivetna, M. f et al. (1990). Proc. Natl. 
Acad. Sci. USA 87:3753-3757). Therefore, in the microenvironment of 
prostatic PSA secreting cells the PSA is believed to be processed and 
secreted in its mature enzymatically active form not complexed to any 
inhibitory molecule. PSA also forms stable complexes with alpha 2 - 
macroglobulin, but as this results in encapsulation of PSA and complete 
loss of the PSA epitopes, the in vivo significance of this complex 
formation is unclear. A free, noncomplexed form of PSA constitutes a 
minor fraction of the serum PSA (Christensson, A., Bjork, T., Nilsson, 
O., et al. (1993). J. Urol. 150:100-105; Lilja, H., Christensson, A., Dahlen, 
U. (1991). Clin. Chem. 37:1618-1625). The size of this form of serum PSA 
is similar to that of PSA in seminal fluid (Lilja, H., Christensson, A., 
Dahlen, U. (1991). Clin. Chem. 37:1618-1625) but it is yet unknown as to 
whether the free form of serum PSA may be a zymogen; an internally 
cleaved, inactive form of mature PSA; or PSA manifesting enzyme 
activity. However, it seems unlikely that the free form of serum PSA 
manifests enzyme activity, since there is considerable (100 to 1000 fold) 
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molar excess of both unreacted alpha 1 - antichymotrypsin and alpha 2 - 
macroglobuiin in serum as compared with the detected serum levels of 
the free 33 kDa form of PSA (Christensson, A., Bjork, T., Nilsson, O., et 
al. (1993). J. Urol. 150:100-105; Lilja, H., Christensson, A., Dahlen, U. 
(1991). Clin. Chem. 37:1618-1625). 

Serum measurements of PSA are useful for monitoring the 
treatment of adenocarcinoma of the prostate (Duffy, M.S. (1989). Ann. 
Clin. Biochem. 26:379-387; Brawer, M.K. and Lange, P.H. (1989). Urol. 
Suppl. 5:11-16; Hara, M. and Kimura, H. (1989). J. Lab. Clin. Med. 
113:541-548), although above normal serum concentrations of PSA have 
also been reported in benign prostatic hyperplasia and subsequent to 
surgical trauma of the prostate (Lilja, H., Christensson, A., Dahlen, U. 
(1991). Clin. Chem. 37:1618-1625). Prostate metastases are also known to 
secrete immunologically reactive PSA since serum PSA is detectable at 
high levels in prostatectomized patientB showing widespread metatstatic 
prostate cancer (Ford, T.F., Butcher, D.N., Masters, R. W., et al. (1985). 
Brit. J. Urology 57:50-55). Therefore, a cytotoxic compound that could be 
activated by the proteolytic activity of PSA should be prostate cell specific 
as well as specific for PSA secreting prostate metastases. 

Conjugates which comprise an oligopeptide which can be 
selectively cleaved by enzymatically active PSA attached, either directly 
or via a linker to a cytotoxic agent and which are useful in the treatment 
of prostate cancer and benign prostatic hyperplasia have been previously 
described (U.S. Pat. No. 5,599,686 and 5,866,679). 

Prenylation of proteins by intermediates of the isoprenoid 
biosynthetic pathway represents a class of post-translational 
modification (Glomset, J. A., Gelb, M. H., and Farnsworth, C. C. (1990). 
Trends Biochem. Sci. 15, 139-142; Maltese, W. A. (1990). FASEB J. 4, 
3319-3328). This modification typically is required for the membrane 
localization and function of these proteins. Prenylated proteins share 
characteristic C-terminal sequences including CaaX (C, Cys; a, usually 
aliphatic amino acid; X, another amino acid), XXCC, or XCXC. Three 
post-translational processing steps have been described for proteins 
having a C-terminal CaaX sequence: addition of either a 15 carbon 
(farnesyl) or 20 carbon (geranylgeranyl) isoprenoid to the Cys residue, 
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proteolytic cleavage of the last 3 amino acids, and methylation of the new 
C-terminal carboxylate (Cox, A. D. and Der, C. J. (1992a). Critical Rev. 
Oncogenesis 3:365-400; Newman, C. M. H. and Magee, A. I. (1993). 
10 Biochim. Biophys. Acta 1155:79-96). Some proteins may also have a 

5 fourth modification: palmitoylation of one or two Cys residues N- 

terminal to the farnesylated Cys. While some mammalian cell proteins 
terminating in XCXC are carboxymethylated, it is not clear whether 
* 5 carboxy methylation follows prenylation of proteins terminating with a 

XXCC motif (Clarke, S. (1992). Annu. Rev. Biochem. 61, 355-386). For all 
10 of the prenylated proteins, addition of the isoprenoid is the first step and 
is required for the subsequent steps (Cox, A. D. and Der, C. J. (1992a). 
20 Critical Rev. Oncogenesis 3:365-400; Cox, A. D. and Der, C. J. (1992b) 

Current Opinion Cell Biol. 4:1008-1016). 

Three enzymes have been described that catalyze protein 
15 prenylation: farnesyl-protein transferase (FPTase), geranylgeranyl- 
25 protein transferase type I (GGPTase-I), and geranylgeranyl-protein 

transferase type-II (GGPTase-II, also called Rab GGPTase). These 
enzymes are found in both yeast and mammalian cells (Clarke, 1992; 
Schafer, W. R. and Rine, J. (1992) Annu. Rev, Genet. 30:209-237). Each 
20 20 of these enzymes selectively uses farnesyl diphosphate (FPP) or geranyl- 

geranyl diphosphate as the isoprenoid donor and selectively recognizes 
the protein substrate. FPTase farnesylates CaaX-containing proteins 
that end with Ser, Met, Cys, Gin or Ala. For FPTase, CaaX tetra- 
35 peptides comprise the minimum region required for interaction of the 

25 protein substrate with the enzyme. The enzymological characterization 
of these three enzymes has demonstrated that it is possible to selectively 
inhibit one with little inhibitory effect on the others (Moores, S. L., 
Schaber, M. D., Mosser, S. D., Rands, E., O'Hara, M. B., Garsky, V. M., 
Marshall, M. S., Pompliano, D. L., and Gibbs, J. B., J. Biol. Chem. y 
30 266:17438 (1991), U.S. Pat. No. 5,470,832). 

The Ras protein is part of a signalling pathway that links 
cell surface growth factor receptors to nuclear signals initiating cellular 
proliferation. Biological and biochemical studies of Ras action indicate 
that Ras functions like a G-regulatory protein. In the inactive state, Ras 
35 is bound to GDP. Upon growth factor receptor activation, Ras is induced 
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to exchange GDP for GTP and undergoes a conformational change. The 
GTP-bound form of Ras propagates the growth stimulatory signal until 
the signal is terminated by the intrinsic GTPase activity of Ras, which 
returns the protein to its inactive GDP bound form (D.R. Lowy and D.M. 
Willumsen, Ann. Rev. Biochem. 62:851-891 (1993)). Activation of Ras 
leads to activation of multiple intracellular signal transduction 
pathways, including the MAP Kinase pathway and the Rho/Rac 
pathway (Joneson et al. t Science 277:810-812). 

Inhibitors of farnesyl-protein transferase have been 
described in two general classes. The first class includes analogs of 
FPP, while the second is related to protein substrates (e.g., Ras) for the 
enzyme. The peptide derived inhibitors that have been described are 
generally cysteine containing molecules that are related to the CAAX 
motif that is the signal for protein prenylation. (Schaber et al. y ibid; 
Reiss et. al., ibid; Reiss et a/., PNAS, 85:732-736 (1991)). Such inhibitors 
may inhibit protein prenylation while serving as alternate substrates for 
the farnesyl-protein transferase enzyme, or may be purely competitive 
inhibitors (U.S. Patent 5,141,851, University of Texas; N.E. Kohl et al. y 
Science, 260:1934-1937 (1993); Graham, et al. f J. Med. Chem., 37, 725 
(1994)). 

Numerous other classes of compounds have been described 
as inhibitors of a prenyl-protein transferase or in particular of farnesyl- 
protein transferase. 

It is the object of the instant invention to provide a method 
for treating cancer, and more particularly cancer associated with cells 
that produce prostate specific antigen (PSA), which offers advantages 
over previously disclosed methods of treatment. 

SUMMARY O F THE INVENTION 

A method of treating cancer, and more particularly cancer 
associated with cells that produce prostate specific antigen (PSA), is 
disclosed which is comprised of administering to a patient in need of 
such treatment amounts of at least one inhibitor of a prenyl-protein 
transferase and at least one conjugate, which comprises an oligopeptide 
that is selectively cleaved by PSA and a cytotoxic agent. 
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BRIEF DESCRIPTION OF THE FIGURES 

FIGURE 1: PSA Levels after Administration of a Combination of a PSA 
Conjugate and a Prenyl Protein Transferase Inhibitor 
Terminal plasma levels of PSA in nude mice having 
LNCaP.FGC cells xenographs following administration of: Column 1: 
vehicle only; Column 2: administration of Compound A via the ALZET® 
micro-osmotic pump alone; Column 3: administration of Compound B 
alone; Column 4: administration of Compound A via the ALZET® 
micro-osmotic pump and administration of Compound B. Each dot 
represents a PSA level for an individual mouse. Details of the 
experimental protocol are found in Example 47. 

FIGURE 2: Tumor Weights after Administration of a Combination of a 
PSA Conjugate and a Prenyl P rotein Transferase Inhibitor 
Terminal tumor weights at the sites of the xenographs in 
nude mice having LNCaP.FGC cells xenographs following 
administration of: Column 1: vehicle only; Column 2: administration 
of Compound A via the ALZET® micro-osmotic pump alone; Column 3: 
administration of Compound B alone; Column 4: administration of 
Compound A via the ALZET® micro-osmotic pump and administration 
of Compound B. Each dot represents a tumor weight for an individual 
mouse. Details of the experimental protocol are found in Example 47. 

FIGURE 3: Animal Weights after Administration of a Combination of 
a PSA Conjugate and a Prenyl Protein Transferase 

Inhibitor 

Terminal animal weights of nude mice having LNCaP.FGC 
cells xenographs following administration of: Column 1: vehicle only; 
Column 2: administration of Compound A via the ALZET® micro- 
osmotic pump alone; Column 3: administration of Compound B alone; 
Column 4: administration of Compound A via the ALZET® micro- 
osmotic pump and administration of Compound B. Each dot represents 
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a animal weight for an individual mouse. Details of the experimental 
protocol are found in Example 47. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a method of treating 
cancer, and more particularly cancer associated with cells that produce 
prostate specific antigen (PSA), which is comprised of administering to 
a patient in need of such treatment amounts of at least one inhibitor of a 
prenyl-protein transferase and at least one conjugate (hereinafter 
refered to as a PSA conjugate), which comprises an oligopeptide that is 
selectively cleaved by PSA and a cytotoxic agent. 

In practicing the instant method of treatment, it is 
understood that the inhibitor(s) of a prenj'l protein transferase and the 
PSA conjugate(s) may be administered either simultaneously in a single 
pharmaceutical composition or individually in separate pharmaceutical 
compositions. If the inhibitor(s) of a prenyl protein transferase and the 
PSA conjugate(s) are administered in separate compositions, such 
compositions may be administered simultaneously or consecutively. 

The term "consecutively" when used in the context of 
administration of two or more separate pharmaceutical compositions 
means that administrations of the separate pharmaceutical 
compositions are at separate times. The term "consecutively" also 
includes administration of two or more separate pharmaceutical 
compositions wherein administration of one or more pharmaceutical 
compositions is a continuous administration over a prolonged period of 
time and wherein administration of another of the compositions occur at 
a discrete time during the prolonged period. 

The terms prenyl-protein transferase inhibitor and 
inhibitor of prenyl-protein transferase refer to compounds which 
antagonize, inhibit or counteract the expression of the gene coding a 
prenyl-protein transferase or the activity of the protein product thereof. 
Prenyl-protein transferases include farnesyl-protein transferase and 
geranylgeranyl-protein transferase type I. 

The terms farnesyl-protein transferase inhibitor and 
inhibitor of farnesyl-protein transferase likewise refer to compounds 
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which antagonize, inhibit or counteract the expression of the gene 
coding farnesyl-protein transferase or the activity of the protein product 
thereof. 

The present invention is not limited in any way by the 
specific prenyl-protein transferase inhibitor. Either a protein substrate- 
competitive inhibitor and/or a prenyl pyrophosphate-competitive 
inhibitor now known or subsequently discovered or developed may be 
utilized. Prenyl-protein transferase inhibitors useful in the instant 
invention are described hereinbelow. 

The term selective as used herein with respect to the 
inhibitors of a prenyl-protein transferase or farnesyl protein transferase 
refers to the inhibitory activity of the particular compound against 
prenyl-protein transferase activity. For example, a selective inhibitor of 
farnesyl-protein transferase exhibits at least 20 times greater activity 
against farnesyl-protein transferase when comparing its activity against 
another receptor or enzymatic activity, respectively. Preferably, if a 
selective inhibitor of farnesyl-protein transferase is desired, the 
selectivity is at least 100 times or more. 

In an embodiment of the invention, the component of the 
instant composition which is the inhibitor of a prenyl-protein 
transferase is a selective inhibitor of farnesyl-protein transferase and is 
characterized by: 

a) an IC 5 q (a measurement of in vitro inhibitory activity) of less than 

about 500 nM against transfer of a farnesyl residue to a protein or 

F 

peptide substrate comprising a CAAX motif by farnesyl-protein 
transferase. 

It is more preferred that the selective inhibitor of farnesyl- 
protein transferase is characterized by: 

a) an IC 50 (a measurement of in vitro inhibitory activity) of less than 

about 100 nM against transfer of a farnesyl residue to a protein or 

F 

peptide substrate comprising a CAAX motif by farnesyl-protein 
transferase. 

F 

As used herein, the term "CAAX " is used to designate a 
protein or peptide substrate that incorporates four amino acid C- 
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terminus motif that is farnesylated by farnesyl-protein transferase. In 
F 

particular, such "CAAX * motifs include (the corresponding human 

protein is in parentheses): CVLS (H-ras) (SEQ.ED.: 11), CVIM (K4B-Ras) 

(SEQ.ID.: 1), CWM (N-Ras) (SEQ.ID.: 3), CKVL CKhoB) (SEQ.ID.: 9), 

CLIM (PFX) (SEQ.ID.: 10) and CNIQ (Rap2A) (SEQ.ID.: 13). It is 

F 

understood that certain of the "CAAX " containing protein or peptide 

substrates may also be geranylgeranylated by GGTase-I. 

A method for measuring the activity of the inhibitors 

of prenyl-protein transferase utilized in the instant methods against 

transfer of a farnesyl residue to a protein or peptide substrate 
F 

comprising a CAAX motif by farnesyl-protein transferase is described 
in Example 35. 

It is also preferred that the selective inhibitor of farnesyl- 
protein transferase is further characterized by: 

b) an IC50 (a measure of in vitro inhibitory activity) for inhibition of 
the prenylation of newly synthesized K-Ras protein more than 
about 100-fold higher than the IC 50 for the inhibition of the 
farnesyl ation of hDJ protein. 

When measuring such IC 50 s the assays described in Examples 40 and 
41 may be utilized. 

It is also preferred that the selective inhibitor of farnesyl- 
protein transferase is further characterized by: 

c) an IC5Q (a measurement of in vitro inhibitory activity) for 
inhibition of K4B-Ras dependent activation of MAP kinases in cells 
at least 100-fold greater than the IC 5 q for inhibition of the 
farnesylation of the protein hDJ in cells. 

It is also preferred that the selective inhibitor of farnesyl- 
protein transferase is further characterized by: 

d) an IC50 (a measurement of in vitro inhibitory activity) against H- 
Ras dependent activation of MAP kinases in cells at least 1000 fold 
lower than the inhibitory activity (IC50) against H-ras-CVLL 
(SEQ.ID.NO.: 1) dependent activation of MAP kinases in cells. 
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When measuring Ras dependent activation of MAP kinases in cells the 
assays described in Example 39 may be utilized. 

In another embodiment, the component of the instant 
composition which is an inhibitor of a prenyl-protein transferase utilized 
in the instant invention is efficacious in vivo as an inhibitor of both 
farnesyl-protein transferase and geranylgeranyl-protein transferase 
type I (GGTase-I). Preferably, such a dual inhibitor of farnesyl-protein 
transferase and geranylgeranyl-protein transferase type I, which may 
be termed a Class II prenyl-protein transferase inhibitor, is 
characterized by: 

a) an IC5Q (a measurement of in vitro inhibitory activity) of less than 
about 1 fiM. for inhibiting the transfer of a geranylgeranyl residue 
to a protein or peptide substrate comprising a CAAX^ motif by 
geranylgeranyl-protein transferase type I in the presence of a 
modulating anion; and 

b) an IC50 (a measurement of in vitro inhibitory activity) of less than 

about 500 nM against transfer of a farnesyl residue to a protein or 

F 

peptide substrate comprising a CAAX motif by farnesyl-protein 
transferase. 

Preferably, such a Class II prenyl-protein transferase inhibitor is also 
characterized by: 

c) inhibition of the cellular prenylation of greater than (>) about 50% 
of the newly synthesized K4B-Ras protein after incubation of assay 
cells with the dual inhibitor of farnesyl-protein transferase and 
geranylgeranyl-protein transferase type I at a concentration of 
less than (<)10 /iM. 

More preferably, such a Class II prenyl-protein transferase inhibitor is 
also characterized by: 

c) inhibition of the cellular prenylation of greater than (>) about 50% 
of the newly synthesized K4B-Ras protein after incubation of assay 
cells with the dual inhibitor of farnesyl-protein transferase and 
geranylgeranyl-protein transferase type I at a concentration of 
less than (<)5 pM. 
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The term "CAAX^" will refer to such motifs that may be 
geranylgeranylated by GGTase-I. In particular, such W CAAX G " motifs 
include (the corresponding human protein is in parentheses): CVTM 
(K4B-Ras) (SEQ.ID.: 1), CVLL (mutated H-Ras) (SEQ.ID.: 2), CWM (N- 
Ras) (SEQ.ID.: 3), CUM (K4A-Ras) (SEQ.ID.: 4), CLLL 
(Rap-IA) (SEQ.ID.: 5), CQLL (Rap-IB) (SEQ.ID.: 6), CSIM (SEQ.ID.: 7), 
CAIM (SEQ.ID.: 8), CKVL (RhoB) (SEQ.ID.: 9), CLIM (PFX) (SEQ.ID.: 
10) and CVIL (Rap2B) (SEQ.ID.: 12). Preferably, the CAAX motif is 
CVIM (SEQ.ID.: 1). It is understood that some of the "CAAX G " 
containing protein or peptide substrates may also be farnesylated by 
farnesyl-protein transferase. 

The modulating anion may be selected from any type of 
molecule containing an anion moiety. Preferably the modulating anion 
is selected from a phosphate or sulfate containing anion. Particular 
examples of modulating anions useful in the instant GGTase-I 
inhibition assay include adenosine S'-triphosphate (ATP), 
2'-deoxyadenosine 5'-triphosphate (dATP), 2'-deoxycytosine 
S'-triphosphate (dCTP), b-glycerol phosphate, pyrophosphate, guanosine 
5-triphosphate (GTP), 2'-deoxyguanosine S'-triphosphate (dGTP), 
uridine 5 '-triphosphate, dithiophosphate, 3'-deoxythymidine 
5- triphosphate, tripolyphosphate, D-myo-inositol 1,4,5-triphosphate, 
chloride, guanosine S'-monophosphate, 2'-deoxyguanosine 
5'- monophosphate, orthophosphate, formycin A, inosine diphosphate, 
trimetaphosphate, sulfate and the like. Preferably, the modulating 
anion is selected from adenosine S'-triphosphate, 2'-deoxy adenosine 
S'-triphosphate, 2'-deoxycytosine S'-triphosphate, b-glycerol phosphate, 
pyrophosphate, guanosine S'-triphosphate, 2'-deoxyguanosine 
S'-triphosphate, uridine 5 '-triphosphate, dithiophosphate, 
3'-deoxythymidine S'-triphosphate, tripolyphosphate, D-myo-inositol 
1,4, 5 -triphosphate and sulfate. Most preferably, the modulating anion is 
selected from adenosine 5 '-triphosphate, b-glycerol phosphate, 
pyrophosphate, dithiophosphate and sulfate. 

A method for measuring the activity of the inhibitors of 
prenyl-protein transferase utilized in the instant methods against 
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transfer of a geranylgeranyl residue to protein or peptide substrate 
comprising a CAAX motif by geranylgeranyl-protein transferase type I 
in the presence of a modulating anion is described in Example 36. 

Examples of assay cells that may be utilized to determine 
5 inhibition of cellular processing of newly synthesized protein that is a 
substrate of an enzyme that can modify the K4B-Ras protein C- 
ter minus include 3T3, C33a, PSN-1 (a human pancreatic carcinoma 
cell line) and K-ras- transformed Rat-1 cells. Preferred assay cell line 
has been found to be PSN-1. The preferred newly synthesized protein, 
10 whose percentage of processing is assessed in this assay, is selected 
from K4B-Ras and Rapl. 

A method for measuring the activity of the inhibitors of 
prenyl-protein transferase, as well as the instant combination 
compositions, utilized in the instant methods against the cellular 
15 processing of newly synthesized protein that is a substrate of an 
enzyme that can modify the K4B-Ras protein C-terminus after 
incubation of assay cells with the compound of the invention 
transferase is described in Example 40 and 41. 

A Class II prenyl-protein transferase inhibitor may also be 
20 characterized by: 

a) an IC 5 q (a measurement of in vitro inhibitory activity) for 

inhibiting K4B-Ras dependent activation of MAP kinases in cells 
of less than 5 pM. 

A Class II prenyl-protein transferase inhibitor may also be 
25 characterized by: 

a) an IC50 (a measurement of in vitro inhibitory activity) for 

inhibiting K4B-Ras dependent activation of MAP kinases in cells 
between 0.1 and 100 times the IC 50 for inhibiting the farnesylation 
of the protein hDJ in cells; and 
30 b) an IC50 (a measurement of in vitro inhibitory activity) for 

inhibiting K4B-Ras dependent activation of MAP kinases in cells 
greater than 5-fold lower than the inhibitory activity (IC50) against 
expression of the SEAP protein in cells transfected with the 
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pCMV-SEAP plasmid that constitutively expresses the SEAP 
protein. 

A Class II prenyl-protein transferase inhibitor may also be 
characterized by: 

a) an IC50 (a measurement of in vitro inhibitory activity) against 
H-Ras dependent activation of MAP kinases in cells greater than 2 
fold lower but less than 20,000 fold lower than the inhibitory 
activity (IC 50 ) against H-ras-CVLL (SEQ.ID.NO.: 1) dependent 
activation of MAP kinases in cells; and 

b) an IC50 (a measurement of in vitro inhibitory activity) against 
H-ras-CVLL dependent activation of MAP kinases in cells greater 
than 5-fold lower than the inhibitory activity (IC5O) against 
expression of the SEAP protein in cells transfected with the 
pCMV-SEAP plasmid that constitutively expresses the SEAP 
protein. 

A Class II prenyl-protein transferase inhibitor may also be 
characterized by: 

a) an IC50 (a measurement of in vitro inhibitory activity) against 
H-Ras dependent activation of MAP kinases in cells greater than 
10-fold lower but less than 2,500 fold lower than the inhibitory 
activity (IC 50 ) against H-ras-CVLL (SEQ.ID.NO.: 1) dependent 
activation of MAP kinases in cells; and 

b) an IC 5 q (a measurement of in vitro inhibitory activity) against 
H-ras-CVLL dependent activation of MAP kinases in cells greater 
than 5 fold lower than the inhibitory activity (IC5Q) against 
expression of the SEAP protein in cells transfected with the 
pCMV-SEAP plasmid that constitutively expresses the SEAP 
protein. 

In a third embodiment, the prenyl-protein transferase 
inhibitors useful in the instantly claimed methods are dual inhibitors of 
farnesyl-protein transferase and geranylgeranyl-protein transferase 
type I (GGTase-I) and are further characterized in that the inhibitory 
activity of the compounds against GGTase-I is greater than the 
inhibitory activity against FPTase. Such dual inhibitor compounds 
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having greater activity against GGTase type I may be termed Class III 
prenyl protein transferase inhibitors. Preferably, such Class III prenyl 
protein transferase inhibitors inhibit FPTase in vitro (Example 35) at an 
IC 50 of less than 1 uM and inhibit GGTase-I in vitro (Example 36) at an 
IC 50 of less than 50 nM. Also preferably, the compounds of this 
embodiment of the instant invention inhibit the cellular processing of the 
Rapl protein (Example 42) at an EC^ of less than 50 nM. Also more 
preferably, the ratio of the IC M of the compounds of this embodiment of 
the instant invention for in vitro inhibition of FPTase to the IC^ of the 
compounds of the instant invention for in vitro inhibition of GGTase type 
I is greater than 25. 

The composition useful in the instant method of treatment 
also comprises a PSA conjugate. The PSA conjugate comprises an 
oligopeptide, which is specifically recognized by the free prostate specific 
antigen (PSA) and are capable of being proteolytically cleaved by the 
enzymatic activity of the free prostate specific antigen, covalently bonded 
directly, or through a chemical linker, to a cytotoxic agent. Ideally, the 
cytotoxic activity of the cytotoxic agent is greatly reduced or absent when 
the oligopeptide containing the PSA proteolytic cleavage site is bonded 
directly, or through a chemical linker, to the cytotoxic agent and is 
intact. Also ideally, the cytotoxic activity of the cytotoxic agent increases 
significantly or returns to the activity of the unmodified cytotoxic agent 
upon proteolytic cleavage of the attached oligopeptide at the cleavage site. 
While it is not necessary for practicing this aspect of the invention, a 
preferred embodiment of this aspect of the invention is a conjugate 
wherein the oligopeptide, and the chemical linker if present, are 
detached from the cytotoxic agent by the proteolytic activity of the free 
PSA and any other native proteolytic enzymes present in the tissue 
proximity, thereby releasing unmodified cytotoxic agent into the 
physiological environment at the place of proteolytic cleavage. 
Pharmaceutical^ acceptable salts of the conjugates are also included. 

Oligopeptides that are selectively cleaved by enzymatically 
active PSA can be identified by a number of assays, in particularly the 
assays described in Examples 43-46 and 48. 
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In one embodiment of the instant invention, the oligopeptide 
component of the PSA conjugate incorporates a cyclic amino acid having 
a hydrophilic substituent as part of the oligopeptides, said cyclic amino 
acid which contributes to the aqueous solubility of the conjugate. 
Examples of such hydrophilic cyclic amino acids include but are not 
limited to hydroxylated, polyhydroxylated and alkoxylated proline and 
pipecolic acid moieties. 

In a prefered embodiment of the invention the oligopeptide 
component of the PSA conjugate is characterized by having a protecting 
group on the terminus amino acid moiety that is not attached to the 
cytotoxic agent. Such protection of the terminal amino acid reduces or 
eliminates the enzymatic degradation of such peptidyl therapeutic 
agents by the action of exogenous aminopeptidases and 
carboxypeptidases which are present in the blood plasma of warm 
blooded animals. Examples of protecting groups that may be attached to 
the amino moiety of an N-terminus oligopeptide include, but are not 
limited to acetyl, benzoyl, pivaloyl, succinyl, glutaryl, hydoxyalkanoyl, 
pplyhydroxyalkanoyl, polyethylene glycol (PEG) containing alkanoyl and 
the like. Examples of protecting groups that may be attached to the 
carboxylic acid of a C-terminus oligopeptide include, but are not limited 
to, formation of an organic or inorganic ester of the carboxylic acid, such 
as an alkyl, aralkyl, aryl, polyether ester, phosphoryl and sulfuryl, or 
conversion of the carboxylic acid moiety to a substituted or unsubstituted 
amide moiety. The N-terminus or C-terminus of the oligopeptide may 
also be substituted with a unnatural amino acid, such as P-alanine, or a 
D-amino acid, such as a D-valyl or D-alanyl group. 

It is understood that the oligopeptide which is conjugated to 
the cytotoxic agent, whether through a direct covalent bond or through a 
chemical linker, does not need to be the oligopeptide that has the greatest 
recognition by free PSA and is most readily proteolytically cleaved by free 
PSA. Thus, the oligopeptide that is selected for incorporation in such 
conjugate will be chosen both for its selective, proteolytic cleavage by free 
PSA and for the cytotoxic activity of the cytotoxic agent-proteolytic 
residue conjugate (or, in what is felt to be an ideal situation, the 
unmodified cytotoxic agent) which results from such a cleavage. 
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Because the PSA conjugates useful in the instant 
compositions can be used for modifying a given biological response, 
cytotoxic agent component of the PSA conjugate is not to be construed as 
limited to classical chemical therapeutic agents. For example, the 
cytotoxic agent may be a protein or polypeptide possessing a desired 
biological activity. Such proteins may include, for example, a toxin such 
as abrin, ricin A, pseudomonas exotoxin, or diphtheria toxin; a protein 
such as tumor necrosis factor, a-interferon, b-interferon, nerve growth 
factor, platelet derived growth factor, tissue plasminogen activator; or, 
biological response modifiers such as, for example, lymphokines, 
interleukin-1 ("IL-l"), interleukin-2 ("IL-2 U ), interleukin-6 ("IL-6"), 
granulocyte macrophage colony stimulating factor ("GM-CSF"), 
granulocyte colony stimulating factor ("G-CSF"), or other growth 
factors. 

The preferred cytotoxic agents include, in general, 
alkylating agents, antiproliferative agents, tubulin binding agents and 
the like. Preferred classes of cytotoxic agents include, for example, the 
anthracycline family of drugs, the vinca drugs, the mitomycins, the 
bleomycins, the cytotoxic nucleosides, the pteridine family of drugs, 
diynenes, and the podophyllo toxins. Particularly useful members of 
those classes include, for example, doxorubicin, carminomycin, 
daunorubicin, aminopterin, methotrexate, methopterin, dichloro- 
methotrexate, mitomycin C, porfiromycin, 5-fluorouracil, 
6-mercaptopurine, cytosine arabinoside, podophyllotoxin, or podo- 
phyllotoxin derivatives such as etoposide or etoposide phosphate, 
melphalan, vinblastine, vincristine, leurosidine, vindesine, leurosine 
and the like. Other useful cytotoxic agents include estramustine, 
cisplatin and cyclophosphamide. One skilled in the art may make 
chemical modifications to the desired cytotoxic agent in order to make 
reactions of that compound more convenient for purposes of preparing 
PSA conjugates of the invention. 

Preferably the cytotoxic agent component of the PSA 
conjugate is selected from a member of a class of cytotoxic agents 
selected from the vinca alkaloid drugs and the anthracyclines. 
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A pharmaceutical composition which is useful for the 
treatments of the instant invention may comprise one or more inhibitors 
of prenyl-protein transferase, one or more PSA conjugates, or a 
combination thereof, preferably, in combination with pharmaceutically 
acceptable carriers, excipients or diluents, according to standard 
pharmaceutical practice. The composition may be administered to 
mammals, preferably humans. The composition can be administered 
orally or parenterally, including the intravenous, intramuscular, 
intraperitoneal, subcutaneous, rectal and topical routes of 
administration. 

The pharmaceutical compositions containing the active 
ingredients may be in a form suitable for oral use, for example, as 
tablets, troches, lozenges, aqueous or oily suspensions, dispersible 
powders or granules, emulsions, hard or soft capsules, or syrups or 
elixirs. Compositions intended for oral use may be prepared according 
to any method known to the art for the manufacture of pharmaceutical 
compositions and such compositions may contain one or more agents 
selected from the group consisting of sweetening agents, flavoring 
agents, coloring agents and preserving agents in order to provide 
pharmaceutically elegant and palatable preparations. Tablets contain 
the active ingredient in admixture with non-toxic pharmaceutically 
acceptable excipients which are suitable for the manufacture of tablets. 
These excipients may be for example, inert diluents, such as calcium 
carbonate, sodium carbonate, lactose, calcium phosphate or sodium 
phosphate; granulating and disintegrating agents, for example, 
microcrystalline cellulose, sodium crosscarmellose, com starch, or 
alginic acid; binding agents, for example starch, gelatin, polyvinyl- 
pyrrolidone or acacia, and lubricating agents, for example, magnesium 
stearate, stearic acid or talc. The tablets may be un coated or they may be 
coated by known techniques to mask the unpleasant taste of the drug or 
delay disintegration and absorption in the gastrointestinal tract and 
thereby provide a sustained action over a longer period. For example, a 
water soluble taste masking material such as hydroxypropylmethyl- 
cellulose or hydroxypropylcellulose, or a time delay material such as 
ethyl cellulose, cellulose acetate buryrate may be employed. 
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Formulations for oral use may also be presented as hard 
gelatin capsules wherein the active ingredient is mixed with an inert 
solid diluent, for example, calcium carbonate, calcium phosphate or 
kaolin, or as soft gelatin capsules wherein the active ingredient is mixed 
with water soluble carrier such as polyethyleneglycol or an oil medium, 
for example peanut oil, liquid paraffin, or olive oil. 

Aqueous suspensions contain the active material in 
admixture with excipients suitable for the manufacture of aqueous 
suspensions. Such excipients are suspending agents, for example 
sodium carboxymethylcellulose, methylcellulose, hydroxypropylmethyl- 
cellulose, sodium alginate, polyvinyl-pyrrolidone, gum tragacanth and 
gum acacia; dispersing or wetting agents may be a naturally-occurring 
phosphatide, for example lecithin, or condensation products of an 
alkylene oxide with fatty acids, for example polyoxyethylene stearate, or 
condensation products of ethylene oxide with long chain aliphatic 
alcohols, for example heptadecaethylene-oxycetanol, or condensation 
products of ethylene oxide with partial esters derived from fatty acids 
and a hexitol such as polyoxyethylene sorbitol monooleate, or 
condensation products of ethylene oxide with partial esters derived from 
fatty acids and hexitol anhydrides, for example polyethylene sorbitan 
monooleate. The aqueous suspensions may also contain one or more 
preservatives, for example ethyl, or n-propyl p-hydroxybenzoate, one or 
more coloring agents, one or more flavoring agents, and one or more 
sweetening agents, such as sucrose, saccharin or aspartame. 

Oily suspensions may be formulated by suspending the 
active ingredient in a vegetable oil, for example arachis oil, olive oil, 
sesame oil or coconut oil, or in mineral oil such as liquid paraffin. The 
oily suspensions may contain a thickening agent, for example beeswax, 
hard paraffin or cetyl alcohol. Sweetening agents such as those set forth 
above, and flavoring agents may be added to provide a palatable oral 
preparation. These compositions may be preserved by the addition of an 
an ti -oxidant such as butylated hydroxy ani sol or alpha-tocopherol. 

Dispersible powders and granules suitable for preparation 
of an aqueous suspension by the addition of water provide the active 
ingredient in admixture with a dispersing or wetting agent, suspending 
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agent and one or more preservatives. Suitable dispersing or wetting 
agents and suspending agents are exemplified by those already 
mentioned above. Additional excipients, for example sweetening, 
flavoring and coloring agents, may also be present. These compositions 
may be preserved by the addition of an anti-oxidant such as ascorbic 
acid. 

The pharmaceutical compositions useful in the instant 
methods of treatment may also be in the form of an oil-in-water 
emulsions. The oily phase may be a vegetable oil, for example olive oil or 
arachis oil, or a mineral oil, for example liquid paraffin or mixtures of 
these. Suitable emulsifying agents may be naturally-occurring 
phosphatides, for example soy bean lecithin, and esters or partial esters 
derived from fatty acids and hexitol anhydrides, for example sorbitan 
monooleate, and condensation products of the said partial esters with 
ethylene oxide, for example polyoxyethylene sorbitan monooleate. The 
emulsions may also contain sweetening, flavouring agents, 
preservatives and antioxidants. 

Syrups and elixirs may be formulated with sweetening 
agents, for example glycerol, propylene glycol, sorbitol or sucrose. Such 
formulations may also contain a demulcent, a preservative, flavoring 
and coloring agents and antioxidant. 

The pharmaceutical compositions may be in the form of a 
sterile injectable aqueous solutions. Among the acceptable vehicles and 
solvents that may be employed are water, Ringer's solution and isotonic 
sodium chloride solution. 

The sterile injectable preparation may also be a sterile 
injectable oil-in-water microemulsion where the active ingredient is 
dissolved in the oily phase. For example, the active ingredient may be 
first dissolved in a mixture of soybean oil and lecithin. The oil solution 
then introduced into a water and glycerol mixture and processed to form 
a microemulation. 

The injectable solutions or microemulsions may be 
introduced into a patient's blood-stream by local bolus injection. 
Alternatively, it may be advantageous to administer the solution or 
microemulsion in such a way as to maintain a constant circulating 
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concentration of the instant compound. In order to maintain such a 
constant concentration, a continuous intravenous delivery device may be 
utilized. An example of such a device is the Deltec CADD-PLUS™ 
model 5400 intravenous pump. 

The pharmaceutical compositions may be in the form of a 
sterile injectable aqueous or oleagenous suspension for intramuscular 
and subcutaneous administration. This suspension may be formulated 
according to the known art using those suitable dispersing or wetting 
agents and suspending agents which have been mentioned above. The 
sterile injectable preparation may also be a sterile injectable solution or 
suspension in a non-toxic parente rally-accept able diluent or solvent, for 
example as a solution in 1,3-butane diol. In addition, sterile, fixed oils 
are conventionally employed as a solvent or suspending medium. For 
this purpose any bland fixed oil may be employed including synthetic 
mono- or diglycerides. In addition, fatty acids such as oleic acid find use 
in the preparation of injectables. 

The instant compositions may also be administered in the 
form of a suppositories for rectal administration of the drug. These 
compositions can be prepared by mixing the instant composition with a 
suitable non-irritating excipient which is solid at ordinary temperatures 
but liquid at the rectal temperature and will therefore melt in the rectum 
to release the composition. Such materials include cocoa butter, 
glycerinated gelatin, hydrogenated vegetable oils, mixtures of 
polyethylene glycols of various molecular weights and fatty acid esters of 
polyethylene glycol. 

For topical use, creams, ointments, jellies, solutions or 
suspensions, etc., containing the combination of inhibitor(s) of prenyl - 
protein transferase and PSA conjugate(s) are employed. (For purposes 
of this application, topical application shall include mouth washes and 
gargles.) 

The compositions useful in the present invention can be 
administered in intranasal form via topical use of suitable intranasal 
vehicles and delivery devices, or via transdermal routes, using those 
forms of transdermal skin patches well known to those of ordinary skill 
in the art. To be administered in the form of a transdermal delivery 
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system, the dosage administration will, of course, be continuous rather 
than intermittent throughout the dosage regimen. 

As used herein, the term "composition" is intended to 
encompass a product comprising the specified ingredients in the specific 
amounts, as well as any product which results, directly or indirectly, 
from combination of the specific ingredients in the specified amounts. 

The composition of a prenyl-protein transferase inhibitor(s), 
a PSA conjugate(s), or a combination thereof useful in the instant 
methods of treatment may also be co-administered with other well 
known therapeutic agents that are selected for their particular 
usefulness against the condition that is being treated. 

The instant method of treatment may also be combined with 
surgical treatment (such as surgical removal of tumor and/or prostatic 
tissue) where appropriate. 

If formulated as a fixed dose, the compositions useful in the 
instant invention employ the prenyl-protein transferase inhibitor(s) and 
the PSA conjugate(s) within within the dosage ranges described below. 

When compositions according to this invention are 
administered into a human subject, the daily dosage will normally be 
determined by the prescribing physician with the dosage generally 
varying according to the age, weight, and response of the individual 
patient, as well as the severity of the patient's symptoms. 

In one exemplary application, a suitable amount of an 

inhibitor of prenyl-protein transferase and a suitable amount of a PSA 

conjugate are administered to a mammal undergoing treatment for 

prostate cancer. Administration occurs in an amount of prenyl-protein 

2 

transferase inhibitor of between about 2 mg/m of body surface area to 
2 

about 2 g/m of body surface area per day, preferably between about 12 

2 2 
mg/m of body surface area to about 1200 mg/m of body surface area per 

day, if the prenyl-protein transferase inhibitor is administered 
continuously over a 7 day period. A particular daily therapeutic dosage 
that comprises the instant composition includes from about 10 mg to 
about 3000 mg of an inhibitor of prenyl-protein transferase. Preferably, 
the daily dosage comprises from about 20 mg to about 2000 mg of an 
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inhibitor of prenyl-protein transferase. A higher dosage of the prenyl- 
protein transferase inhibitor may be administered if the inhibitor is 

administered in a single dose once a week. Administration of the PSA 

2 

conjugate occurs in an amount between about 10 mg/m of body surface 
2 

area to about 5 g/m of body surface area per day, preferably between 

2 2 
about 50 mg/m of body surface area to about 3 g/m of body surface area 

per day. 

The instant method of treatment may also be combined with 
administration of a compound which inhibits HMG-CoA reductase in 
the methods of treatment of the instant invention. Compounds which 
have inhibitory activity for HMG-CoA reductase can be readily identified 
by using assays well-known in the art. For example, see the assays 
described or cited in U.S. Patent 4,231,938 at col. 6, and WO 84/02131 at 
pp. 30-33. The terms "HMG-CoA reductase inhibitor" and "inhibitor of 
HMG-CoA reductase" have the same meaning when used herein. 

Examples of HMG-CoA reductase inhibitors that may be 
used include but are not limited to lovastatdn (MEVACOR®; see US 
Patent Nos. 4,231,938; 4,294,926; 4,319,039), simvastatin (ZOCOR®; see 
US Patent Nos. 4,444,784; 4,820,850; 4,916,239), pravastatin 
(PRAVACHOL®; see US Patent Nos. 4,346,227; 4,537,859; 4,410,629; 
5,030,447 and 5,180,589), fluvastatin (LESCOL®; see US Patent Nos. 
5,354,772; 4,911,165; 4,929,437; 5,189,164; 5,118,853; 5,290,946; 5,356,896), 
atorvastatin (LIPITOR®; see US Patent Nos. 5,273,995; 4,681,893; 
5,489,691; 5,342,952) and cerivastatin (also known as rivastatin and 
BAYCHOL®; see US Patent No. 5,177,080). The structural formulas of 
these and additional HMG-CoA reductase inhibitors that may be used in 
the instant methods are described at page 87 of M. Yalpani, "Cholesterol 
Lowering Drugs", Chemistry & Industry, pp. 85-89 (5 February 1996) and 
US Patent Nos. 4,782,084 and 4,885,314. The term HMG-CoA reductase 
inhibitor as used herein includes all pharmaceutical^ acceptable 
lactone and open-acid forms (i.e., where the lactone ring is opened to 
form the free acid) as well as salt and ester forms of compounds which 
have HMG-CoA reductase inhibitory activity, and therefor the use of 
such salts, esters, open-acid and lactone forms is included within the 
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scope of this invention. An illustration of the lactone portion and its 
corresponding open-acid form is shown below as structures I and II. 



In HMG-CoA reductase inhibitor's where an open-acid form can exist, 
salt and ester forms may preferably be formed from the open-acid, and 
all such forms are included within the meaning of the term "HMG-CoA 
reductase inhibitor" as used herein. Preferably, the HMG-CoA 
reductase inhibitor is selected from lovastatin and simvastatin, and 
most preferably simvastatin. Herein, the term "pharmaceutical^ 
acceptable salts" with respect to the HMG-CoA reductase inhibitor shall 
mean non-toxic salts of the compounds employed in this invention which 
are generally prepared by reacting the free acid with a suitable organic 
or inorganic base, particularly those formed from cations such as 
sodium, potassium, aluminum, calcium, lithium, magnesium, zinc 
and tetramethyl ammonium, as well as those salts formed from amines 
such as ammonia, ethylenediamine, N-methylglucamine, lysine, 
arginine, ornithine, choline, N,N'-dibenzylethylenediamine, 
chloroprocaine, diethanolamine, procaine, N-benzylphenethylamine, 
l-p-chlorobenzyl-2-pyrrolidine-r-yl-methylbenzimidazole, diethylamine, 
piperazine, and tris(hydroxymethyl)aminomethane. Further examples 
of salt forms of HMG-CoA reductase inhibitors may include, but are not 
limited to, acetate, benzenesulfonate, benzoate, bicarbonate, bisulfate, 
bi tartrate, borate, bromide, calcium edetate, camsylate, carbonate, 
chloride, clavulanate, citrate, dihydrochloride, edetate, edisylate, 
estolate, esylate, fumarate, gluceptate, gluconate, glutamate, 
glycollylarsanilate, hexylresorcinate, hydrabamine, hydro bromide, 






Lactone 
I 



Open-Acid 
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hydrochloride, hydroxynapthoate, iodide, isothionate, lactate, 
lactobionate, laurate, malate, maleate, mandelate, mesylate, 
methylsulfate, mucate, napsylate, nitrate, oleate, oxalate, pamaote, 
palmitate, panthothenate, phosphate/diphosphate, poly galacturon ate, 
salicylate, stearate, subacetate, succinate, tannate, tartrate, teoclate, 
tosylate, triethiodide, and valerate. 

Ester derivatives of the described HMG-CoA reductase 
inhibitor compounds may act as prodrugs which, when absorbed into 
the bloodstream of a warm-blooded animal, may cleave in such a 
manner as to release the drug form and permit the drug to afford 
improved therapeutic efficacy. 

The instant method of treatment may be combined with 
administration of a compound which inhibits a fibroblast growth 
factor (FGF) receptor function in the methods of treatment of the 
instant invention. The instant method of treatment may be combined 
with administration of a compound which inhibits a urokinase in the 
methods of treatment of the instant invention. 

The instant method of treatment may be combined with 
administration of a compound which inhibits angiogenesis, and 
thereby inhibit the growth and invasiveness of tumorous cells 
expressing enzymatically active PSA, in the methods of treatment of 
the instant invention. Such inhibitors of angiogenesis include, but 
are not limited to angiostatin and endostatin. 

The instant method of treatment may be combined with 
administration of a compound which inhibits a matrix 
metalloproteinase in the methods of treatment of the instant 
invention. Compounds which have inhibitory activity for a matrix 
metalloproteinase can be readily identified by using assays well- 
known in the art. For example, see the assays described or cited in 
PCT Pat. Publ. WO 98/34915 in particular on pp. 24-26. 

Prenyl-protein transferase inhibitor compounds that are 
useful in the methods of the instant invention and are identified by 
the properties described hereinabove include: 
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(a) a compound represented by formula (I-a) through (I-c): 

R 2 R 3 



(R 8 )r 



V - A 1 (CR ,a 2 ) n A 2 (CR 1a 2) n -\vlj- (CR'^^^fy ^h-<^ 



(l-a) 

(R 8 )r 



R 4 R 5 



V-A 1 (CR ,a 2 ) n A 2 (CR 1a 2 ) n \w /(CR'V J\fV N- Z 
X /( 1/ \J 

(l-b) R 3 R 4 



f M * R 3 

V-A\CR%) n A 2 (CR 1a 2 ) n -\w/(CR ,b 2 V\ ^ ^N-Z 

x Vot^g 

(l-C) R4 



wherein ^th respect to formula (I-a): 

(R 8 ), 



R* R 3 
N \7^ 



V-A 1 (CR ,a 2 ) n A 2 (CR 1a 2 ) n \w/-(CR ,b 2 ) pX /N W } 



Y 

R 4 R 5 



d-a) 

or a pharmaceutically acceptable salt thereof, 

Rla and R 1 ^ are independently selected from: 
a) hydrogen, 
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b) aryl, heterocycle, C3-C1O cycloalkyl, C2-C6 alkenyl, C2-C6 
alkynyl, RlOo-, RllSfOW, R 10 C(O)NRl0-, CN, NO2, 
(RlO)2N-C(NRlO)-, Rl0c(O)-, Rl<>0C(0K N3, -N(RlO) 2 , or 
R n OC(O)NRl0., 

c) C1-C6 alkyl unsubstituted or substituted by aryl, 
heterocyclyl, C3-C10 cycloalkyl, C2-C6 alkenyl, C2-C6 
alkynyl, RlOO-, RHS(0) m -, Rl0c(O)NRl<>-, CN, 
(RlO)2N-C(NRlO)., Rl0 C (O)-, RIOOC(O)-, N 3j -N(RlO)2, or 
R n OC(O)-NRl0-; 

R2 and R3 are independently selected from: H; unsubstituted or substituted 
Cl-8 alkyl, unsubstituted or substituted C2-8 alkenyl, unsubstituted or 
substituted C2-8 alkynyl, unsubstituted or substituted aryl, 
unsubstituted or substituted heterocycle, 

>Y*R 6 R 7 or ^ R6 , 
0 o 

wherein the substituted group is substituted with one or more of: 
1) aryl or heterocycle, unsubstituted or substituted with: 





a) Cl-4 alkyl, 




b) (CH2)pOR6 




c) (CH2)pNR6R7 




d) halogen, 


2) 


C3-6 cycloalkyl, 


3) 


OR6, 


4) 


SR6, S(0)R6 SO2R 6 , 
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5) — NR 6 R 7 

6) "NyR 7 

o 



7) 1 

— I^L,NR 7 R 7a 

T 
o 

o 

9) -Ov^OR 6 

T 
o 

10) v^.NR 6 R 7 

O 



11) — S0 2 -NR 6 R 7 

R 6 

12) — N-SOg-R 7 
13) 



14) 



or 



o 

-^p-OR 6 ■ or 



R2 and are attached to the same C atom and are combined to form 

-(CH2)u- wherein one of the carbon atoms is optionally replaced by 
a moiety selected from: 0, S(0)m, -NC(O)-, and -N(COR 10 )- ; 
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R4 and R 5 are independently selected from H and CH3; and any two of 
R 2 , R3, R4 and R^ are optionally attached to the same carbon 
atom; R 6 , R 7 and R 7a are independently selected from: H; C1.4 
alkyl, C3-6 cycloalkyl, heterocycle, aryl, aroyl, heteroaroyl, 
arylsulfonyl, heteroarylsulfonyl, unsubstituted or substituted 
with: 

a) Cl-4 alkoxy, 

b) aryl or heterocycle, 

c) halogen, 

d) HO, 

d11 

O 

f) — S0 2 R 11 , or 

g) N(Rl0) 2;O r 
R6 and R? may be joined in a ring; 
R? and R? a may be joined in a ring; 

R8 is independently selected from: 

a) hydrogen, 

b) aryl, heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, C2-C6 
alkynyl, perfluoroalkyl, F, CI, Br, R^O-, RUSWW, 
RiOCCONRlO-, CN, NO2, R 10 2N-C(NRlO)-, RlOc(O)-, 
RiOOCCO)-, N3, -N(RlO) 2 , or RllOCCONRlO., and 

c) C1-C6 alkyl unsubstituted or substituted by aryl, 
heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, C2-C6 
alkynyl, perfluoroalkyl, F, CI, Br, R 10 O-, R n S(0) m -, 
R 10 C(O)NH-, CN, H2N-C(NH)-, RlOC(O)-, RlOOC(O)-, N3, 
-N(RlO)2, or Rl0QC(O)NH-; 
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R9 is selected from: 

a) hydrogen, 

b) C2-C6 alkenyl, C2-C6 alkynyl, perfluoroalkyl, F, CI, Br, 
RiOO, R n S(0) m -, R^CKONR 1 *)-, CN, NO2, 
(RlO)2N-C-(NRlO)-, Rl0c(O)-, RlOOC(O)-, N3, -N(RlO) 2 , or 
RllOC(O)NRl0-, and 

c) C1-C6 alkyl unsubstituted or substituted by perfluoroalkyl, 
F, CI, Br, RlOO-, R n S(0) m -, R 10 C(O)NRl0-, CN, 
(RlO)2N-C(NRlO)-, RlOC(O)-, RiOOCCO)-, N3, -N(RlO)2, or 

rHocconrio.; 

RiO is independently selected from hydrogen, C1-C6 alkyl, benzyl and 
aryl; 

R 11 is independently selected from C1-C6 alkyl and aryl; 

A* and A2 are independently selected from: a bond, -CH=CH-, -C=C-, 
-C(O)-, -C(O)NRl0., -NRlOc(O)-, O, -NCRlO)., -S(O)2N(Rl0)-, 
-N(Rl0)S(O) 2 -,orS(O) m ; 

V is selected from: 

a) hydrogen, 

b) heterocycle, 

c) aryl, 

d) C1-C2O alkyl wherein from 0 to 4 carbon atoms are replaced 
with a a heteroatom selected from O, S, and N, and 

e) C2-C20 alkenyl, 

provided that V is not hydrogen if A 1 is S(0)m and V is not hydrogen if 
is a bond, n is 0 and A 2 is S(0) m ; 

W is a heterocycle; 

X is -CH 2 -, -C(=0)-, or -S(=0)mS 
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Y is aryl, heterocycle, unsubstituted or substituted with one or more of: 



1) 


Cl-4 alkyl, unsubstituted or substituted with: 




a) Ci-4 alkoxy, 




b) NR6R7 




c) C3-6 cycloalkyl, 




d) aryl or heterocycle, 




e) HO, 




f) -S(0)mR6, or 




g) -C(0)NR6R7 


2) 


aryl or heterocycle, 


3) 


halogen, 


4) 


OR°> 


5) 


NR6r7, 


6) 


CN, 


7) 


N0 2 , 


8) 


CF3; 


9) 


-S(0) m R6, 


10) 


-C(0)NR6r7, or 


11) 


C3-C6 cycloalkyl; 



m is 0, 1 or 2; 

n is 0, 1, 2, 3 or 4; 

pis 0,1,2, 3 or 4; 

r is 0 to 5, provided that r is 0 when V is hydrogen; 

s is 0 or 1; 

t is 0 or 1; and 

u is 4 or 5; 
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with respect to formula (I-b): 




R 3 R 4 

(l-b) 



or a pharmaceutically acceptable salt thereof, 

Rl* Rib, RlO, R U m , R 2, R 3, R 6, R 7 p> R 7a, u , R 8 f A l, A* V, W, X, n, 
p, r, s, t and u are as defined above with respect to formula (I-a); 

R 4 is selected from H and CH3; 

and any two of R2, r3 and R 4 are optionally attached to the same carbon 
atom; 

R9 is selected from: 

a) hydrogen, 

b) alkenyl, alkynyl, perfluoroalkyl, F, CI, Br, R 10 O-, 
R n S(0)m-, Rl0C(O)NRl0-, CN, NO2, (R 10 )2N-C-(NRlO)-, 
RlOC(O)-, Rl0oC(OK N3, -N(RlO) 2 , or RllOCCONRlO-, an d 

c) C1-C6 alkyl unsubstituted or substituted by perfluoroalkyl, 
F, CI, Br, RlOo-, RllS(0) m -, R^CCONRlO., CN, 
(RlO) 2 N-C(NRlO)-, Rl0c(O)-, RlOOC(O)-, N 3 , -N(RlO)2, or 
R n OC(O)NRl0 s 

G is H2 or O; 

Z is aryl, heteroaryl, arylmethyl, heteroarylmethyl, 

arylsulfonyl, heteroarylsulfonyl, unsubstituted or 

substituted with one or more of the following: 

1) Cl-4 alkyl, unsubstituted or substituted with: 
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a) Cl-4 alkoxy, 

b) NR6r? 

c) C3-6 cycloalkyl, 

d) aryl or heterocycle, 

e) HO, 

f) -S(0) m R 6 , or 

g) -C(0)NR6r7, 

2) aryl or heterocycle, 

3) halogen, 

4) OR6, 

5) NR6R7, 

6) CN, 

7) N02, 

8) CF 3 ; 

9) -S(0) m R6, 

10) -C(0)NR6r7 or 

11) C3-C6 cycloalkyl; 



with respect to formula (I-c): 




or a phannaceutically acceptable salt thereof, 

Rla Rib, RlO, R U m> R 2 R 3, R 6 R 7, Pj u> R 7a, R 8, A l, A 2 , V, W, X, n, 
r and t are as defined above with respect to formula (I-a); 

R 4 is selected from H and CH3; and any two of R 2 , R 3 and R 4 are 
optionally attached to the same carbon atom; 
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Gis O; 

Z is aryl, heteroaryl, arylmethyl, heteroarylmethyl, 

10 arylsulfonyl, heteroarylsulfonyl, unsubstituted or 

5 substituted with one or more of the following: 

1) Cl-4 alkyl, unsubstituted or substituted with: 
a) Cl-4 alkoxy, 

'5 b) NR6R7 

c) C3.6 cycloalkyl, 
10 d) aryl or heterocycle, 

e) HO, 

20 1) -S(0) m R 6 , or 

g) -C(0)NR6R7 

2) aryl or heterocycle, 
15 3) halogen, 

25 4) OR 6 * 

5) NR6R7, 

6) CN, 

7) N0 2 , 

30 20 8) CF 3 ; 

9) -S(0) m R6, 

10) -C(0)NR6R7, or 

11) C3-C6 cycloalkyl; 

35 25 and 

s is 1; 



40 



45 
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(b) a compound represented by formula (II): 

p6a-e 




II 

wherein: 

Q is a 4, 5, 6 or 7 membered heterocyclic ring which comprises a 

nitrogen atom through which Q is attached to Y and 0-2 
additional heteroatoms selected from N, S and O, and which 
also comprises a carbonyl, thiocarbonyl, -C(=NRl3). or 
sulfonyl moiety adjacent to the nitrogen atom attached to Y; 

Y is a 5, 6 or 7 membered carbocyclic ring wherein from 0 to 3 

carbon atoms are replaced by a heteroatom selected from N, 
S and O, and wherein Y is attached to Q through a carbon 
atom; 

Rl and R 2 are independently selected from: 

a) hydrogen, 

b) aryl, heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, C2-C6 
alkynyl, RlOO, RUS(0) m -, Rl0C(O)NRl0-, RUC(0)0-, 
(RlO)2NC(0)-, Rl0 2 N.C(NRlO)-, CN, NO2, R 10 C(O)-, N3, 
-N(RlO) 2 , or RllOC(O)NRl0., 

c) unsubstituted or substituted C1-C6 alkyl wherein the 
substituent on the substituted C1-C6 alkyl is selected from 
unsubstituted or substituted aryl, heterocyclic, C3-C10 
cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, RlOO-, R 11 S(0) m -, 
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Rl0C(O)NRl0-, (R 1 0)2NC(O)-, RlO^-ONRlO)., CN, 
RlOc(O)-, N3, -N(RlO) 2 , and RUOC(O)-NRl0 s 

R3, R4 and R5 are independently selected from: 

a) hydrogen, 

b) unsubstituted or substituted aryl, unsubstituted or 
substituted heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, 
C2-C6 alkynyl, halogen, Cl-Ce perfluoroalkyl, R 12 0-, 
R n S(0) m -, Rl0c(O)NRl0_, (RlO )2 NC(0)-, RUC(0)0-, 
Rl<>2N-C(NRlO)-, CN, NO2, R 10 C(O)-, N3, -N(RlO) 2 , or 
RllOC(O)NRl0., 

c) unsubstituted C1-C6 alkyl, 

d) substituted C1-C6 alkyl wherein the substituent on the 
substituted C1-C6 alkyl is selected from unsubstituted or 
substituted aryl, unsubstituted or substituted heterocyclic, 
C3-C10 cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, Rl2()-, 
R n S(0)nr, R 10 C(O)NRl0-, (RlO )2 NC(0)-, R10 2 N-C(NR10)., 
CN, RlOc(O)-, N 3 , -N(RlO) 2 , and RllOC(O)-NRl0-; 

R 6a , R^b r6c R6d and R 6e independently selected from: 

a) hydrogen, 

b) unsubstituted or substituted aryl, unsubstituted or 
substituted heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, 
C2-C6 alkynyl, halogen, C1-C6 perfluoroalkyl, R 12 0-, 
R 11 S(0) m - l Rl0C(O)NRl0-, (RlO)2NC(0)-, RUS(0)2NRlO-, 
(Rl0) 2 NS(O)2-, R 11 C(0)0-, RlOgN-CCNRlO)-, CN, NO2, 
R^CCO)-, N3, -N(RlO) 2 , or RllOC(O)NRl0_, 

c) unsubstituted C1-C6 alkyl, 

d) substituted C1-C6 alkyl wherein the substituent on the 
substituted C1-C6 alkyl is selected from unsubstituted or 
substituted aryl, unsubstituted or substituted heterocyclic, 
C3-C10 cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, R120-, 
R U S(0)irr, Rl0c(O)NRl0., (RlO) 2 NC(0)-, RUS(0)2NRlO-, 
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(R 1 0)2NS(O)2-, Rl02N-C(NRl0)-, CN, Rl0c(O)-, N3, 
-N(RlO) 2 , and RHOC(O)-NRl0-; or 

any two of R 6a , R 6b , R 6c , R 6d and R 6e on adjacent carbon atoms are 
combined to form a diradical selected from -CH=CH-CH=CH-, 
-CH=CH-CH2-, -(CH2)4- and -(CH2)3-J 

R? is selected from: H; Cl-4 alkyl, C3-6 cycloalkyl, heterocycle, aryl, 

aroyl, heteroaroyl, arylsulfonyl, heteroarylsulfonyl, unsubstituted 
or substituted with: 

a) Cl-4 alkoxy, 

b) aryl or heterocycle, 

^ R 11 

c > V 

o 

d) -S0 2 R 11 

e) N(RlO)2 or 

f) Cl-4 perfluoroalkyl; 

R8 is independently selected from: 

a) hydrogen, 

b) aryl, substituted aryl, heterocycle, substituted heterocycle, 
C3-C10 cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, 
perfluoroalkyl, F, CI, Br, RlOO-, R^SIOW, RiOCCONRlO-, 
(R 1 0)2NC(O)-, RllS(0)2NR 10 -, (R 10 )2NS(O)2-, 
Rl0 2 N-C(NRlO). ) CN, NO2, R 10 C(O)-, N3, -N(R 1 0)2, or 
RHOCCONRlO., and 

c) C1-C5 alkyl unsubstituted or substituted by aryl, 
cyanophenyl, heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, 
C2-C6 alkynyl, perfluoroalkyl, F, CI, Br, RlOO-, R n S(0)nr, 
Rl0C(O)NRl0., (RlO )2 NC(0>, R 11 S(0)2NRlO-, 
(Rl0)2NS(O)2-, R 10 2N-C(NRlO)-, CN, Rl0c(O)-, N3, 
-N(RlO) 2 , or R100C(0)NH-; 
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R9 is independently selected from: 

a) hydrogen, 

b) alkenyl, alkynyl, perfluoroalkyl, F, CI, Br, R^O-, 
R n S(0)m-, Rl0C(O)NRl0., (RlO) 2 NC(0)-, Rl<>2N-C(NRlO)-, 
CN, N02, R 10 C(O)-, N3, -N(RlO) 2 , or RllOC(O)NRl0«, and 

c) Cl-Ce alkyl unsubstituted or substituted by perfluoroalkyl, 
F, CI, Br, Rl0 O -, RllS(0) m -, Rl<>C(O)NRl0- t (RlO) 2 NC(0)-, 
Rl02N-C(NRl<>)-, CN, RlOC(O)-, N3, -N(RlO) 2 , or 
RHOC(O)NRl0 s 

R 10 is independently selected from hydrogen, C1-C6 alkyl, benzyl, 2,2,2- 
trifluoroethyl and aryl; 

R 11 is independently selected from C1-C6 alkyl and aryl; 

R 12 is independently selected from hydrogen, C1-C6 alkyl, C1-C6 aralkyl, 
C1-C6 substituted aralkyl, C1-C6 heteroaralkyl, C1-C6 substituted 
heteroaralkyl, aryl, substituted aryl, heteroaryl, substituted 
heteraryl, C1-C6 perfluoroalkyl, 2-aminoethyl and 2,2,2- 
trifluoroethyl; 

R 13 is selected from hydrogen, C1-C6 alkyl, cyano, C1-C6 alkylsulfonyl 
and C1-C6 acyl; 

Al and A 2 are independently selected from: a bond, -CH=CH-, -C=C-, 
-C(O)-, -C(O)NRl0-, -NRiOaO)-, O, -N(RlO)-, -S(0)2N(RlO)-, - 
N(RlO )S (0)2-,or S(0)m; 

V is selected from: 

a) hydrogen, 

b) heterocycle, 

c) aryl, 

d) C1-C2O alkyl wherein from 0 to 4 carbon atoms are replaced 
with a heteroatom selected from O, S, and N, and 
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e) C2-C20 alkenyl, 
provided that V is not hydrogen if A 1 is S(0) m and V is not hydrogen if 
is a bond, n is 0 and A^ is S(0)m; 

W is a heterocycle; 

X is a bond, -CH=CH-, 0, -C(=OK -C(0)NK 7 -, -NR 7 C(0)-, -C(0)0-, 

-OC(O)-, -C(0)NR 7 C(0)-, -NR7-, -S(0)2N(RlO) % -N(RlO)S(0)2- or 
-S(=0) m -; 

m is 0, 1 or 2; 

n is independently 0, 1, 2, 3 or 4; 
p is independently 0, 1, 2, 3 or 4; 
qis 0,1, 2 or 3; 

r is 0 to 5, provided that r is 0 when V is hydrogen; and 

t is 0 or 1; 

(c) a compound represented by formula (III): 

_ R 6a "° 




III 

wherein: 

Rl, R2, R3 r4 R 5, R 6a- e) R 7 R 8 R 9 rIO, rU r12, R13, A l, A 2, V> W, 
m, n, p, q, r and t are as previously defined with respect to formula 
(ID; 
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Q is a 4, 5, 6 or 7 membered heterocyclic ring which comprises a 

nitrogen atom through which Q is attached to Y and 0-2 
additional heteroatoms selected from N, S and O, and which 
also comprises a carbonyl, thiocarbonyl, -C(=NRl3). 0 r 
sulfonyl moiety adjacent to the nitrogen atom attached to Y, 
provided that Q is not 




Y is a 5, 6 or 7 membered carbocyclic ring wherein from 0 to 3 

carbon atoms are replaced by a heteroatom selected from N, 
S and O, and wherein Y is attached to Q through a carbon 
atom; 



(d) a compound represented by formula (IV): 
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R 3 \ R l G 1 R 2b 

W 

— N N— Y 
(CR1I>2)P G VK 3 (CR^s 

W (CR ,a 2 ) n 

X v_ A 1-(CR 1C 2 )s 

(R 8 ), 
IV 

wherein: 

Rla, Rib, Rlc and R ld are independently selected from: 

a) hydrogen, 

b) aryl, heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, C2-C6 
alkynyl, Rl0()-, RllStOW. R 10 C(O)NRl0. | (RlO) 2 N-C(0)-, 
CN, N02, (R 10 )2N-C(NRlO)-, RlOC(O)., RiOOCXO)-, N3, - 
N(RlO) 2l or RllOC(O)NRl0-, 

c) un substituted or substituted Ci-C$ alkyl wherein the 
substitutent on the substituted C1-C6 alkyl is selected from 
unsubstituted or substituted aryl, heterocyclic, C3-C10 
cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, R 10 O-, R 1:L S(0) m -, 
Rl0C(O)NRl0-, (RlO)2N-C(0)-, CN, (RlO)2N-C(NRl°)-, 
R 10 C(O)-, RiOOCXO)-, N3, -N(RlO)2, and RHOC(O)-NRl0 s 

R 2 a, R2b R3a an d R 3b 

are independently selected from: H; unsubstituted 
or substituted Cl-g alkyl, unsubstituted or substituted C2-8 alkenyl, 
unsubstituted or substituted C2-8 alkynyl, unsubstituted or 
substituted aryl, unsubstituted or substituted heterocycle, 
YN R6R7 or Y° R5 . 
O O 
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wherein the substituted group is substituted with one or more of: 
1) aryl or heterocycle, unsubstituted or substituted with: 



6) 



a) 


Cl-4alkyl, 


b) 


(CH2) p OR6, 


c) 


(CH2)pNR6R7 ; 


d) 


halogen, 


e) 


CN, 



2) C3-6 cycloalkyl, 

3) ORG 

4) SR 4 , S(0)R 4 , SO2R 4 , 



6 D 7 



5) — NR b R 
P 6 



o 



7 > 1 

— N NR 5 R 7 

T 

8) -°Y NR6R7 

O 

9) — CL.OR 6 

T 
O 

10) ^NR 6 R 7 

O 



11) — S0 2 -NR 6 R 7 

12) -N-S0 2 ~R 4 
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,3> ^ 

o 



14) 



o 



OR' 



6 



15) N 3) or 

16) F; or 

R2 and R3 are attached to the same C atom and are combined to form 

-(CH2)u- wherein one of the carbon atoms is optionally replaced by 
a moiety selected from: O, S(0) m , -NC(O)-, and -N(COR 10 )-; 



and R2 and R3 are optionally attached to the same carbon atom; 

R 4 is selected from: Cl-4 alkyl, C3-6 cycloalkyl, heterocycle, aryl, 
unsubstituted or substituted with: 



a) 


C1-4 alkoxy, 


b) 


aryl or heterocycle, 


c) 


halogen, 


d) 


HO, 






e) 


V" . 

0 


0 


— SO z R 11 


g) 


N(RlO) 2 ; 



R 5 , R6 and R? are independently selected from: H; Cl-4 alkyl, C3-6 
cycloalkyl, heterocycle, aryl, aroyl, heteroaroyl, arylsulfonyl, 
heteroarylsulfonyl, unsubstituted or substituted with: 

a) Cl-4 alkoxy, 

b) aryl or heterocycle, 

c) halogen, 
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d) HO, 

- V" . 

O 

f) — S0 2 R 11 , or 

g) N(RlO) 2 ;or 

R 6 and R 7 may be joined in a ring; and independently, R 5 and R 7 may be 
joined in a ring; 

R8 is independently selected from: 

a) hydrogen, 

b) un substituted or substituted aryl, unsubstituted or 
substituted heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, 
C2-C6 alkynyl, perfluoroalkyl, F, CI, Br, Rl°0-, RUSCOW, 
Rl°C(O)NRl0-, (RlO) 2 NC(0)-, Rl02N-C(NR 1 0K CN, N02, 
RlOc(O)-, RlOoC(O)-, N3, -N(RlO)2, or Rll(XXO)NRl0_, and 

c) C1-C6 alkyl unsubstituted or substituted by unsubstituted or 
substituted aryl, unsubstituted or substituted heterocycle, 
C3-C10 cycloalkyl, C 2 -C6 alkenyl, C2-C6 alkynyl, 
perfluoroalkyl, F, CI, Br, RK>0-, R n S(0) m -, RK>C(0)NH-, 
(Rl0)2NC(O)-, Rl02N-C(NRlO)-, CN, RlOC(O)-, R 10 OC(Oh 
N3, -N(RlO) 2 , or RK>OC(0)NH-; 

R9 is selected from: 

a) hydrogen, 

b) C2-C6 alkenyl, C 2 -C6 alkynyl, perfluoroalkyl, F, CI, Br, 
RlOO-, RHS(0)m-, R 10 C(O)NRl<>-, (RlO) 2 NC(0)-, 
R 10 2N-C(NRl(>h CN, N0 2 , R 10 C(O)-, Rl<>OC(0)-, N3, 
-N(RlO) 2 , or RllOC(O)NRl0-, and 

c) C1-C6 alkyl unsubstituted or substituted by perfluoroalkyl, 
F, CI, Br, RlOo-, RllS(OW, R 10 C(O)NRl0-, (RlO) 2 NC(0)-, 
Rl02N-C(NRlO)., CN, RlOC(O)-, R 10 OC(O)-, N3, -N(RlO) 2> or 
RllOC(O)NRl0.; 
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RlO is independently selected from hydrogen, C1-C6 alkyl, benzyl, 

unsubstituted or substituted aryl and unsubstituted or substituted 
heterocycle; 

Rll is independently selected from C1-C6 alkyl unsubstituted or 

substituted aryl and unsubstituted or substituted heterocycle; 

Al is selected from: a bond, -C(O)-, -C(O)NR*0-, -NRlOC(O)-, O, -NCR 10 )-, 
-S(0)2N(RlO)-, -N(RlO)S(0)2-, and S(0)m; 

A2 is selected from: a bond, -C(O)-, -C(O)NRl0-, -NR^O)-, 0, -N(RlO)-, 
-S(0)2N(RlO)-, -N(RlO)S(0)2-, S(0)ni and -C(Rld) 2 -; 

G^y and are independently selected from: H2 and O; 
W is heterocycle; 

V is selected from: 

a) heterocycle, and 

b) aryl; 

X and Y are independently selected from: a bond, -C(=0)- or -S(=0)nri 

Zl is selected from: unsubstituted or substituted aryl and unsubstituted 
or substituted heterocycle, wherein the substituted aryl or 
substituted heterocycle is substituted with one or more of: 
1) Ci_4 alkyl, unsubstituted or substituted with: 

a) Cl-4 alkoxy, 

b) NR6r7 

c) C3-6 cycloalkyl, 

d) aryl or heterocycle, 

e) HO, 

f) -S(0) m R4 or 

g) -C(0)NR6R7, 
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2) 


aryl or heterocycle, 


3) 


halogen, 


4) 


OR6, 


5) 


NR6R7, 


6) 


CN, 


7) 


N0 2 , 


8) 


CF 3 , 


9) 


-S(0) m R4, 


10) 


-CtOynRGBl, or 


11) 


C3-C6 cycloalkyl; 



is selected from: a bond, unsubstituted or substituted aryl and 

unsubstituted or substituted heterocycle, wherein the substituted 
aryl or substituted heterocycle is substituted with one or more of: 
1) Cl-4 alkyl, unsubstituted or substituted with: 



a) 


Cl-4 alkoxy, 


b) 


NR6R7 


c) 


C3-6 cycloalkyl, 


d) 


aryl or heterocycle, 


e) 


HO, 


f) 


-S(0) m R4, or 


g) 


-C(0)NR6r? 


aryl 


or heterocycle, 



3) halogen, 

4) OR6. 

5) NR6R7, 

6) CN, 

7) N0 2 , 

8) CF3, 

9) -S(0) m R4, 

10) -C(0)NR6r7, or 
ID C3-C6 cycloalkyl; 

m is 0, 1 or 2; 

nis 0,1, 2, 3 or 4; 
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p is 0, 1, 2, 3 or 4; 

q is 1 or 2; 

r is 0 to 5; 

s is independently 0, 1, 2 or 3; and 

u is 4 or 5; 



(e) a compound represented by formula (V): 
,X (CR t6 2)t \ 



(CR 1b 2 ) p 



W- 

/ 



(R 9 ) q 



\ 
(' 



(CR 1c 2 ) s 



2/ 



(CR 1a 2 )„ Zf 



(R 8 ), 



wherein: 



Rla, Rlb ? rIc Rid Rle are independently selected from: 
a) hydrogen, 

aryl, heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, C2-C6 
alkynyl, RlOo-, RllS(0) m -, Rl0c(O)NRl0-, (RlO)2N-C<0)-, 
CN, NO2, (R 1 0)2N-C(NRlO)-, RlOC(O)-, RlOoC(O)-, N3, 
-N(RlO) 2 , or Rll(XXO)NRl0-, 

unsubstituted or substituted C1-C6 alkyl wherein the 
substitutent on the substituted C1-C6 alkyl is selected from 
unsubstituted or substituted aryl, heterocyclic, C3-C10 
cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, R 10 O-, RUStOnr, 
R^CCONRlO-, (RlO)2N-C(0)-, CN, (R10) 2 N-C(NR10)., 
Rl0c(O)-, R 1( >OC(0)-, N3, -N(RlO) 2 , and R^OC^-NR 1 *)-; 



b) 



c) 



R2a, R 2b R 3a and R 3b 

are independently selected from: H; unsubstituted 
or substituted Cl-8 alkyl, unsubstituted or substituted C2-8 alkenyl, 
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unsubstituted or substituted C2-8 alkynyl, unsubstituted or 
substituted aryl, unsubstituted or substituted heterocycle, 



wherein the substituted group is substituted with one or more of: 



1) aryl or heterocycle, unsubstituted or substituted with: 

a) Cl-4 alkyl, 

b) (CH 2 )pOR6 

0 (CH 2 )pNR 6 R 7 , 



e) CN, 

2) C3-6 cycloalkyl, 

3) OR6, 

4) SR* S(0)R4 SO2R 4 , 

5) — NR 6 R 7 




O 



O 



d) 



halogen, 



6) 




7) 



— fsL NR 5 R 7 
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8) -0 Y NR 6 R 7 

O 

9) -O^/OR 6 

T 

o 

O 



11) — S0 2 -NR 6 R 7 

□6 

f 

12) — IM-S0 2 -R 4 

0 

14) ^r 0R6 



15) N 3 , or 

16) F; or 

R 2 and R3 are attached to the same C atom and are combined to form 

-(CH2)u- wherein one of the carbon atoms is optionally replaced by 
a moiety selected from: O, S(0) m , -NC(O)-, and -N(COR 10 )-; 

and R 2 and R^ are optionally attached to the same carbon atom; 

R^ is selected from: Cl-4 alkyl, C3.6 cycloalkyl, heterocycle, aryl, 

unsubstituted or substituted with: 

a) Cl-4 alkoxy. 

b) ary! or heterocycle, 
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c) halogen, 

d) HO, 

R 11 

0 

f) — S0 2 R 11 , or 

g) N(R 1 0)2; 

R 5 , R 6 and R? are independently selected from: H; Ci-4 alkyl, C3.6 
cycloalkyl, heterocycle, aryl, aroyl, heteroaroyl, arylsulfonyl, 
heteroarylsulfonyl, unsubstituted or substituted with: 



a) 


Cl-4 alkoxy, 


b) 


aryl or heterocycle. 


c) 


halogen, 


d) 


HO, 






e) 


V" . 

0 


f) 


— S0 2 R 11 


g) 


N(RlO) 2; or 



R6 and R7 may be joined in a ring; and independently, R5 and R? may be 
joined in a ring; 

R8 is independently selected from: 

a) hydrogen, 

b) unsubstituted or substituted aryl, unsubstituted or 
substituted heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, 
C2-C6 alkynyl, perfluoroalkyl, F, CI, Br, RlOO-, R n S(0) m -, 
Rl0C(O)NRl0-, (RlO)2NC(0)-, R 1 02N-C(NRlO). > CN, NO2, 
RlOC(O)-, RlOOC(O)-, N3, -N(RlO)2, or RUOC(O)NRl0-, and 

c) C1-C6 alkyl unsubstituted or substituted by unsubstituted or 
substituted aryl, unsubstituted or substituted heterocycle, 
C3-C10 cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, 
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perfluoroalkyl, F, CI, Br, Rl0()-, RllStOW, R 10 C(O)NH-, 
(R 1 0)2NC(O)-, Rl02N-C(NRlO). } CN, RlOC(O)-, RlOoC(O)-, 
N3, -N(RlO)2, or Rl0()C(O)NH-; 

R9 is selected from: 

a) hydrogen, 

b) C2-C6 alkenyl, C2-C6 alkynyl, perfluoroalkyl, F, CI, Br, 
RlOO-, R n S(0) m -, Rl0c(O)NRl0 % (RlO )2 NC(OK 
R 1 02N-C(NRl0)- l CN, N02, R 10 C(O)-, RiOCXXO)-, N3, 
-N(RlO)2, or RllOC(O)NRl0-, and 

c) C1-C6 alkyl unsubstituted or substituted by perfluoroalkyl, 
F, CI, Br, RlOO-, R n S{OW, R 10 C(O)NRl0-, (Rl0)2NC(O)-, 
R102N-CCNR10)., CN, RK>C(0)-, R^OCCO)-, N3, -N(RlO)2, or 
RllOC(O)NRl0-; 

R 1 *) is independently selected from hydrogen, C1-C6 alkyl, benzyl, 
unsubstituted or substituted aryl and unsubstituted or 
substituted heterocycle; 

Rll is independently selected from C1-C6 alkyl unsubstituted or 

substituted aryl and unsubstituted or substituted heterocycle; 

A* is selected from: a bond, -C(O)-, -C(O)NRl0-, -NRlOC(O)-, O, -NCR 1 ^)-, 
-S(0)2N(RlO). ) -N(RlO)S(0)2-, and S(0) m ; 

A2 is selected from: a bond, -C(O)-, -C(0)NRl<>-, -NRlOC(O)-, O, -N(RK>)-, 
-S(0)2N(RlO)_, -N(RlO)S(0)2-, S(0) m and -C(Rld) 2s 

W is heteroaryl; 

V is selected from: 

a) heteroaryl, and 

b) aryl; 
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X and Y are independently selected from: -C(O)-, -C(O)NRl0-, 

-NRlOC(O)-, -NRl0c(O>O-, -O-CXONRlO-, . NRl<>C(O)NRl0-, 
-CCONR^CCO)-, O, -N(RlO)-, -S(0)2N(RlO)-, -N(RlO)S(0)2- and 
S(0) m ; 

5 

Z* is selected from: unsubstituted or substituted aryl and unsubstituted 
or substituted heteroaryl, wherein the substituted aryl or 
substituted heteroaryl is substituted with one or more of: 
1) Cl-4 alkyl, unsubstituted or substituted with: 





10 


a) 


Cl-4 alkoxy, 






b) 


NR6R7 


20 




c) 


C3-6 cycloalkyl, 






d) 


aryl or heterocycle, 






e) 


HO, 




15 


f> 


-S(0) m R4, or 


25 




g) 


-C(0)NR6r7, 



2) aryl or heterocycle, 

3) halogen, 

4) OR 6 > 
30 2 0 5) NR6R7. 

6) CN, 

7) N0 2j 

8) CF3, 

35 9) -S(0) m R 4 , 

25 10) -C(0)NR 6 R 7 , or 

11) C3-C6 cycloalkyl; 

40 is selected from: a bond, unsubstituted or substituted aryl and 

unsubstituted or substituted heteroaryl, wherein the substituted 
30 aryl or substituted heteroaryl is substituted with one or more of: 

1) Cl-4 alkyl, unsubstituted or substituted with: 

45 a) Cl-4 alkoxy, 

b) NR6R7, 

c) C3-6 cycloalkyl, 
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d) aryl or heterocycle, 

e) HO, 

0 -S(0) m R4, or 
g) -C(0)NR6r7, 

2) aryl or heterocycle, 

3) halogen, 

4) OR6, 

5) NR6R7, 

6) CN, 

7) N02, 

8) CF 3 , 

9) -S(0) m R4 

10) -C(0)NR6r7 > or 

11) C3-C6 cycloalkyl; 



m is 0, 1 or 2; 

n is 0, 1, 2, 3 or 4; 

P is 0, 1, 2, 3 or 4; 

q is 1 or 2; 

r is 0 to 5; 

s is independently 0, 1, 2 or 3; 

t is 1, 2, 3 or 4; and 

u is 4 or 5; 
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(f) a compound represented by formula (VI): 



(CR 1b 2 ). 



(C R19 2). 



A 2 



/ 



W (CR 1a 2 ) n f 



(R 8 ), 



VI 



wherein: 



Rla, Rib, Rlc t R ld ^ R le 

are independently selected from: 

a) hydrogen, 

b) aryl, heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, C2-C6 
alkynyl, Rl<>0-, R 11 S(0) m -, Rl0C(O)NRl0-, <Rl<>)2N-C(0)-, 

10 CN, NO2, (R 1 0) 2 N-C(NRlO). j RlOc(O)-, RlOOC(O)-, N3, 

-N(RlO) 2 , or RllOC(O)NRl0_, 

c) unsubstituted or substituted C1-C6 alkyl wherein the 
substitutent on the substituted C1-C6 alkyl is selected from 
unsubstituted or substituted aryl, heterocyclic, C3-C10 

1 5 cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, RlOO-, R* iSCOW, 

RiOCCOJNRiO-, (RlO)2N-C(OK CN, (RlO)2N-C(NRl<>)-, 
RlOC(O)-, RlOOC(O)-, N3, -N(RlO) 2l and RllOC(O)-NRl0-; 



R2a, R2b R 3a R3b 

are independently selected from: H; unsubstituted 
20 or substituted Cl-8 alkyl, unsubstituted or substituted C2-8 alkenyl, 

unsubstituted or substituted C2-8 alkynyl, unsubstituted or 
substituted aryl, unsubstituted or substituted heterocycle, 
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O O 



5 



10 



wherein the substituted group is substituted with one or more of: 



1) aryl or heterocycle, unsubstituted or substituted with: 

a) Cl-4 alkyl, 

b) (CH 2 ) p OR6, 

c) (CH2) p NR6r7 > 

d) halogen, 

e) CN, 

2) C3-6 cycloalkyl, 

3) OR6 

4) SR 4 , S(0)R 4 , SO2R 4 , 

5) — NR 6 R 7 



6) 





! 6 



7) 



NR 5 R 7 



Y 



o 
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8) -OyNRW 

O 

9) -O^.OR 6 

T 

o 

10) \^NR 6 R 7 

O 



11) — SO z -NR 6 R 7 

f 

12) — N-S0 2 -R 4 

13) ^ R e 



14) ^r 0R6 

o 



15) N 3 , or 

16) F; or 

R2 and R3 are attached to the same C atom and are combined to form 

-(CH2)u~ wherein one of the carbon atoms is optionally replaced by 
a moiety selected from: 0, S(0)m, -NC(O)-, and -N(COR 10 )- ; 



and R 2 and B? are optionally attached to the same carbon atom; 

R4 is selected from: Cl_4 alkyl, C3-6 cycloalkyl, heterocycle, aryl, 

unsubstituted or substituted with: 

a) Ci-4alkoxy, 

b) aryl or heterocycle, 
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c) halogen. 

d) HO, 

^ R 11 

e > V 

o 

f) — S0 2 R 11 , or 

g) N(RlO) 2; 

R 5 , R 6 and R? are independently selected from: H; Ci-4 alkyl, C3-6 
cycloalkyl, heterocycle, aryl, aroyl, heteroaroyl, arylsulfonyl, 
heteroarylsulfonyl, unsubstituted or substituted with: 



a) 


Cl-4 alkoxy, 


b) 


aryl or heterocycle. 


c) 


halogen, 


d) 


HO, 






e) 


V" . 

0 


f) 


— S0 2 R 11 


g) 


N(RlO)2; or 



R 6 and R 7 may be joined in a ring; and independently, R 5 and R 7 may be 
joined in a ring; 

RS is independently selected from: 

a) hydrogen, 

b) unsubstituted or substituted aryl, unsubstituted or 
substituted heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, 
C2-C6 alkynyl, perfluoroalkyl, F, CI, Br, Rl^O-, R n S(0) m -, 
RlOc^NRlO., (RlO) 2 NC(0)-, Rl^N-CXNRlO)-, CN, NO2, 
RlOC(O)-, Rl0OC(O)>, N3, -N(RlO) 2 , or RUOC(O)NRl0-, and 

c) C1-C6 alkyl unsubstituted or substituted by unsubstituted or 
substituted aryl, unsubstituted or substituted heterocycle, 
C3-C1O cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, 
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perfluoroalkyl, F, CI, Br, Rl<>0-, R n S(0) m -, R 10 C(O)NH-, 
(RlO)2NC(0)-, Rl02N-C(NRlO)_, CN, Rl0c(O)-, r1<>OC(OK 
N3, -N(RlO)2, or Rl0oC(O)NH-; 

R9 is selected from: 

a) hydrogen, 

b) C2-C6 alkenyl, C2-C6 alkynyl, perfluoroalkyl, F, CI, Br, 
rIOq., RllS(0) m -, RlOccONRlO., (RlO) 2NC (0)-, 
Rl02N-C(NRlO)-, CN, NO2, R 10 C(O)-, RK>OC(0)-, N3, 
-N(RlO )2 , or RllOC(O)NRl0-, and 

c) C1-C6 alkyl unsubstituted or substituted by perfluoroalkyl, 
F, CI, Br, RlOO-, R n S(0) m -, Rl0c(O)NRl<>-, (RlO)2NC(0)-, 
Rl02N-C(NRlO)-, CN, RK>C(OK R 10 OC(O)-, N3, -N(Rl°)2, or 
RllOC(O)NRl0-; 

R*0 is independently selected from hydrogen, C1-C6 alkyl, benzyl, 

unsubstituted or substituted aryl and unsubstituted or substituted 
heterocycle; 

is independently selected from C1-C6 alkyl unsubstituted or 
substituted aryl and unsubstituted or substituted heterocycle; 

Al is selected from: a bond, -C(O)-, -C(O)NRl0-, -NRlOC(O)-, O, -N(RlO)-, 
-S(0)2N(RlO). ) -N(RlO)S(0)2-, and S(0)m; 

A2 is selected from: a bond, -C(O)-, -C(O)NRl0-, -NRlOC(O)-, O, -N(R10)., 
-S(0)2N(RlO)-, -N(RlO)S(0)2-, S(0)m and -C(Rld) 2s 

W is heteroaryl; 

V is selected from: 

a) heteroaryl, and 

b) aryl; 
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X is selected from: -C(O)-, -C(O)NRl0-, -NRlOC(O)-, -NRiOCCO-O-, 
-O-C(O)NRl0-, -NRl0C(O)NRl0. y -C(O)NRl0C(O> f O, -N(RlO)-, 
-S(O)2N(Rl0)- f -N(RlO)S(0)2- and S(0) m ; 

10 

5 Zl is selected from: unsubstituted or substituted aryl and unsubstituted 
or substituted heteroaryl, wherein the substituted aryl or 
substituted heteroaryl is substituted with one or more of: 
15 1) Cl_4 alkyl, unsubstituted or substituted with: 





a) 


Cl-4 alkoxy, 


10 


b) 


NR6R7 




O 


C3-6 cycloalkyl, 




d) 


aryl or heterocycle. 




e) 


HO, 




£) 


-S(0) m R4, or 


15 


g) 


-C(0)NR6r7, 



2) 


aryl or heterocycle, 


3) 


halogen, 


4) 


OR6, 


5) 


NR6R7, 


6) 


CN, 


7) 


N0 2 , 


8) 


CF 3 , 


9) 


-S(0) m R4 


10) 


-C(0)NR6r7 ( or 



25 11) C3-C6 cycloalkyl; 

Z 2 is selected from: a bond, unsubstituted or substituted aryl and 

unsubstituted or substituted heteroaryl, wherein the substituted 
aryl or substituted heteroaryl is substituted with one or more of: 
30 1) Cl-4 alkyl, unsubstituted or substituted with: 

a) Cl-4 alkoxy, 

b) NR6R7 

c) C3-6 cycloalkyl, 

d) aryl or heterocycle, 
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e) HO, 

f) -S(0)mR4 or 

g) -C(0)NR6R7, 

2) aryl or heterocycle, 

3) halogen, 

4) OR6, 

5) NR6r7, 
. 6) CN, 

7) N0 2 , 

8) CF 3 , 

9) -S(0) m R4, 

10) -C(0)NR6r7, or 

11) C3-C6 cycloalkyl; 

m is 0, 1 or 2; 

n is 0, 1, 2, 3 or 4; 

pis 0,1, 2, 3 or 4; 

q is 1 or 2; 

r is 0to5; 

s is independently 0, 1, 2 or 3; 

t is 1, 2, 3 or 4; and 

uis 4 or 5; 

(g) a compound represented by formula (VII): 
(R 13 )s 

w 



\.4 



A' 

(<j:(R 1c )2) m ft 



^R 5 



( R ^0~ A1(C(R1a>2) ^ 

rz vii R 4 
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wherein: 

Rla, Rib an d rIc ^ independently selected from: 

a) hydrogen, 

b) unsubstituted or substituted aryl, unsubstituted or 
substituted heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, 
C2-C6 alkynyl, Re©-, R9S(0) q -,CN, NO2, R 8 C(0)-, R80C(0K 
R8(Ci-C6 alkyOO-, N3, N(R8) 2 or -OC(0)0-heteroaralkyl; 

c) C1-C6 alkyl, unsubstituted or substituted by aryl, 
heterocyclic, C3-C10 cycloalkyl, C2-C6 alkenyl, C2-C6 
alkynyl, r8(}-, R 9 S(0) q -, CN, R8c(0)-, R8()C(0)-, N3, or 
R 8 C(0)0-; 

R^ is selected from: 



a) 


hydrogen, 


b) 


CN, 


0 


N0 2 , 


d) 


halogen, 


e) 


aryl, unsubstituted or substituted, 


0 


heteroaryl, unsubstituted or substituted, 


g) 


C1-C6 alkyl, unsubstituted or substituted, 


h) 


N 3 , 


i) 


R 9 S(0) q> 


j) 


R 8 HC=CH-, 


k) 


R 8 OC-, and 


1) 


OR8; 



R3, R^ and R^ are independently selected from: H, CN, N0 2 , 
halogen, unsubstituted or substituted C1-C6 alkyl, N3, R^SCOq, 
HC=C-, unsubstituted or substituted aryl, unsubstituted or 
substituted heterocycle, CF3, CF3O-, CF3CH2O-, C3-C10 
cycloalkyl, OR* N(R8) 2 , -C(0)R8, -CXC1-C6 alkyl)OR8, -NHC(0)R8, 
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aralkyl, heteroaralkyl, -(C1-C6 alkyl)OR8, -(C1-C6 alkyl)C(0)R8, - 

— C—C — R 8 
I H 

CH=CH-R8 and OH ; 
R6 is independently selected from: 



a) 


hydrogen, 


b) 


CN, 


c) 


N02, 


d) 


halogen, 


e) 


aryl, unsubstituted or substituted, 


0 


heteroaryl, unsubstituted or substituted, 


g) 


C1-C6 alkyl, unsubstituted or substituted, 


h) 


R°0-, 


i) 


N3, 


j) 


R 9 S(0) q ., 


k) 


-HC=CH2, 


1) 


-OCH, 


m) 


CF 3> 


n) 


R80(C=0)-, and 


0) 


R 8 (0=00-; 



R8 is independently selected from hydrogen, unsubstituted or substituted 
C1-C6 alkyl, cycloalkyl, benzyl and unsubstituted or substituted 
aryl; 

R 9 is independently selected from H, unsubstituted or substituted C1-C6 
alkyl, benzyl and unsubstituted or substituted aryl; 

Rl3 is independently selected from H, unsubstituted or substituted C1-C6 
alkyl, unsubstituted or substituted aryl, unsubstituted or 
substituted heterocycle, -(C1-C6 alkyl )OR8, 
-(C1-C6 alkyl)OC(0)(Ci-C6 alkyl), -(C1-C6 alkyl)N(R8) 2 , and 
■(C1-C6 alkyl)NHC(0)(Ci-C6 alkyl)R8; 
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A!,a2 and A3 are independently selected from: 



a) 


ci uonQj 


b) 


-HC=CH-, 


c) 


-OC-, 


d) 


-o-, 


e) 


-(C=0)-, 


0 


-0(C=0)-, 


g) 


-(C=0)0-, 


h) 


-NR8-, 


i) 


-C(0)N(R8)-, 


j) 


-ncrswok 


k) 


-NHC(0)NH-, 


1) 


-S(0) q ., 


m) 


-S(0) q NH-, and 


n) 


-NHS(0) qs 



A4 is selected from a bond, C(O), C=CH2, or spiro C3-C6 cycloalkyl; 

W is selected from: 

a) hydrogen, 

b) heterocycle, and 

c) aryl; 

X is selected from: 

a) aryl, 

b) cycloalkyl, 

c) heterocycle, and 

d) a bond; 

Y is selected from: 

a) aryl, unsubstituted or substituted, 

b) heterocycle, unsubstituted or substituted, and 

c) cycloalkyl; 
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m is 0, 1, 2, 3 or 4; 

n is 0,1, 2, 3 or 4; 

p is 0, 1, 2, 3 or 4; 

q is 0, 1 or 2; 

ris 0,1, 2 or 3; 

s is 0, 1, 2, 3 or 4; and; 

t is 0, 1, 2 or 3; 

provided that 

(f, 

is not a bond; 

(h) a compound represented by formula (VIII): 




wherein: 

Rla, Rib and Rlc are independently selected from: 
a) hydrogen, 
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b) unsubstituted or substituted aryl, unsubstituted or 

substituted heterocycle, C3-C10 cycloalkyl, C-2-Cfi alkenyl. 
C2-C6 alkynyl.. R 8 0-, R^S(0)q-,CN, NO2, R 8 C(0)-, R 8 OC(OK 
10 N(R8) 2 , (R8)2NC(0)-, C(0)N(R8) 2 -, or N3; 

5 c) C1-C6 alkyl, unsubstituted or substituted by unsubstituted 

or substituted aryl, unsubstituted or substituted heterocycle, 
C3-C1O cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, R 8 0-, 
15 R 9 S(0) q -, CN, R 8 C(0)-, R 8 OC(0)-, N(R8) 2 , N3, or R 8 C(0)0-; 



10 Rl is selected from: 







a) 


H, 


20 




b) 


unsubstituted or substituted C1-C6 alkyl, 






c) 


unsubstituted or substituted aryl, 






d) 


unsubstituted or substituted heterocycle, 




15 


e) 


-(C1-C6 alkyl)N(R8) 2) 


25 




0 


-R8C(0)R8, 






g) 


-(C1-C6 alkyl)OR8, 






h) 


-N(R8)2, 






i) 


-OR8, 


30 


20 


j) 


-R8NHC(0)R8, 






k) 


-R8C(0)N(R8) 2i 






1) 


CF3, 






m) 


halo, 


35 




n) 


-C(0)OR8, 




25 


0) 


C2-C6 alkynyl, 






P) 


C2-C6 alkenyl, 






q) 


perfluoroalkyl, 


40 




r) 


N3, 






s) 


N0 2 , 




30 


t) 


CN, 






u) 


R9S(0) q -; 



R^ is selected from: 

a) hydrogen, 
35 b) CN, 

50 
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C) N02, 

d) halogen, 

e) aryl, unsubstituted or substituted, 

f) heteroaryl, unsubstituted or substituted, 

g) C1-C6 alkyl, unsubstituted or substituted, 

h) OR8. 

i) N3, 

j) R 9 S(0) q , 

k) R8HC=CH-, and 

1) R8CsC-; 

R3 is selected from: 

a) H, 

b) CN, 

c) NO2, 

d) halogen, 

e) C1-C6 alkyl, unsubstituted or substituted, 
£) OR8, 

g) aryl, unsubstituted or substituted, 

h) heteroaryl, unsubstituted or substituted, and 

i) CF 3 ; 

R4 is selected from: 

a) H, 

b) =0, or 

c) =S; 

R5 is selected from: 

a) H, 

b) CN, 

c) N0 2 , 

d) halogen, 

e) C1-C6 alkyl, unsubstituted or substituted, 
0 N3, 
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g) 


R 9 S(0) q , 


h) 


-HC=CH2, 


i) 


HOC-, 


j) 


aryl, imsubstituted or substituted, 


k) 


heterocycle, unsubstituted or substituted, 


1) 


CF3O-, 


m) 


CF3CH2O-, 


n) 


C3-C1O cycloalkyl, 


o) 


CF 3 , 


P) 


-(C1-C6 alkyl)N(R8)2, 


q) 


-(C1-C6 alkyl)OR8, 


r) 


OR8, 


s) 


N(R8) 2 , 


t) 


-C(0)(Cl-C6 alkyl), and 


u) 


-(C1-C6 alkyl)C(0)R8 ; 



R8 is selected from: 

a) H } 

b) C1-C6 alkyl, imsubstituted or substituted, 

c) OR8, and 

d) -C(OXCl-C6 alkyl); 

R 8 is independently selected from hydrogen, unsubstituted or substituted 
C1-C6 alkyl, unsubstituted or substituted benzyl, unsubstituted or 
substituted heterocycle and unsubstituted or substituted aryl; 

R9 is independently selected from unsubstituted or substituted C1-C6 
alkyl, unsubstituted or substituted benzyl and unsubstituted or 
substituted aryl; 

Al and A2 are independently selected from: 

a) a bond, 

b) -HC=CH-, 

c) -OC-, 
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d) 


0, 


e) 


S(0) q , 


0 


OC(O), 


g) 


C(O), 


h) 


C(0)0, and 


i) 


NR8; 



A3 is selected from a bond, -C(=0), ' and C3-C6 cycloalkyl; 

M is selected from CH2, NH, O or S; 



W is selected from: 

a) hydrogen, 

b) heterocycle, and 

c) aryl; 

Y is selected from: 

a) aryl, and 

b) heterocycle; 



Z is selected from: 

a) aryl, 

b) heterocycle, 

c) C3-C6 cycloalkyl, and 

d) a bond; 



m is 0, 1, 2, 3 or 4; 

n is 0, 1, 2, 3 or 4; 

pis 0,1, 2, 3 or 4; 

q is 0, 1 or 2; 

r is 0, 1, 2, 3, or 4; 

s is 0, 1, 2, 3 or 4; 

t is 0, 1, 2 or 3; 
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(I) a compound represented by formula (VIIIA): 
(R 8 )r 



V-A 1 (CR 1a 2 )^ 2 (CR lB 2 ) n -\W /- (CR 1b 2 ) p -N^ |h-A 3 (CR 1e 2) v A 4 Z 



L— N N 



R 3 R 4 
VIIIA 



wherein: 



Rl a and R^- D are independently selected from: 

a) hydrogen, 

b) aryl, heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, C2-C6 
alkynyl, R^O-, RllS(0) m -, R 10 C(O)NRl0., rIOnC(O)-, 
(R 1 0) 2 NC(O)- > Rl0 2 N-C(NRlO)-, CN, NO2, R 10 C(O)-, N3, 
-N(RlO) 2 , or RllOC(O)NRl0-, 

c) unsubstituted or substituted C1-C6 alkyl wherein the 
substituent on the substituted C1-C6 alkyl is selected from 
unsubstituted or substituted aryl, heterocyclic, C3-C1O 
cycloalkyl, C2-C6 alkenyl, C 2 -C6 alkynyl, RlOO-, RllSCOW, 
Rl0C(O)NRl<>-, (RlO) 2 NC(0)-, R 10 2 N-C(NR 1 0)-, CN, 
RlOC(O)-, N3, -N(RlO) 2 , and RHOC(O)-NRl0-; 

Rlc i s independently selected from: 

a) hydrogen, 

b) unsubstituted or substituted aryl, unsubstituted or 
substituted heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, 
C2-C6 alkynyl, RlOO-, R n S(0)m-, R 10 C(O)NRl0-, 
(R 10 ) 2 NC(OK Ri^N-CCNRlO)., CN, N0 2 , Rl0C(OK N3, 
-N(RlO)2 or R n OC(O)NRl0-, 

c) unsubstituted or substituted C1-C6 alkyl wherein the 
substituent on the substituted C1-C6 alkyl is selected from 
unsubstituted or substituted aryl, unsubstituted or 
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substituted heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, 
C2-C6 alkynyl, Rl<>0-, RUSOW, R 10 C(O)NRl0. f 
(RlO) 2 NC(0)-, Rl02N-C(NRl0)-, CN, RlOC(Oh N3, -NCR 10 )2 
andRHOC(O)-NRl0 s 
or two Rlcs on the same carbon are combined with that carbon to 
form a C4-C6 cycloalkyl or C6-C10 multicyclic a Iky] ring; 

R2 and R3 are independently selected from: H; unsubstituted or substituted 
Ci-8 alkyl, unsubstituted or substituted C2-8 alkenyl, unsubstituted or 
substituted C2-8 alkynyl, unsubstituted or substituted aryl, 

"Y^ R6R? or Y 0 ^' 
unsubstituted or substituted heterocycle, O O 
wherein the substituted group is substituted with one or more of: 
1) aryl or heterocycle, unsubstituted or substituted with: 





a) 


C1-4 alkyl, 




b) 


(CH2)pOR6, 




c) 


(CH2)pNR6R7, 




d) 


halogen, 




e) 


CN, 




0 


aryl or heteroaryl, 




g) 


perfluoro-Cl-4 alkyl, 




h) 


SR6a S(0)R 6a , S02R 6a , 


2) 


C3-6 cycloalkyl, 


3) 


OR6 




4) 


SR6a S(0)R6a, or S02R 6a , 
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35 



50 



5) — NR 6 R 7 



10 

6) 



15 



40 14) 



r 

O 



— N^NR'R 78 

T 
O 

O 

9) — 

T 
0 

10) \^NR 6 R 7 

O 

30 

11) — S0 2 -NR 6 R 7 

12) — N-S0 2 -R 6a 



13 > ^ -R« 



o 
o 



OR 6 



15) N 3 , 



16) F, or 

17) perfluoro-C^-alkyl; or 
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R2 and R^ are attached to the same C atom and are combined to form 

-(CH2)u- wherein one of the carbon atoms is optionally replaced by 
a moiety selected from: O, S(0) m , -NC(O)-, and ^(COR 1 ^)-; 

R 4 is selected from H and CH3; 

and any two of R^, R3 and R 4 are optionally attached to the same carbon 
atom; 

R6, R? and R? a are independently selected from: H; Cm alkyl, C3-6 
cycloalkyl, heterocycle, aryl, aroyl, heteroaroyl, arylsulfonyl, 
heteroarylsulfonyl, unsubstituted or substituted with: 

a) C1-4 alkoxy, 

b) aryl or heterocycle, 

c) halogen, 

d) HO, 

R 11 

e > V 

o 

f) -S0 2 R 11 , or 

g) N(RlO)2; or 

R6 and R? may be joined in a ring; 
R 7 and R 7a may be joined in a ring; 

R 6a is selected from: Cl-4 alkyl, C3-6 cycloalkyl, heterocycle, aryl, 
unsubstituted or substituted with: 

a) C1-4 alkoxy, 

b) aryl or heterocycle, 

c) halogen, 

d) HO, 
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R 11 

e > V 

o 

f) -S0 2 R 11 , or 

g) N(RlO) 2 ; 

R$ is independently selected from: 

a) hydrogen, 

b) unsubstituted or substituted aryl, unsubstituted or 
substituted heterocycle, unsubstituted or substituted C3-C10 
cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, perfluoroalkyl, F, 
CI, Br, RlOO-, RHS(0)m-, R^CCONRlO-, (Rl0) 2 NC(O)-, 
R 10 2N-C(NR 1 0)-, CN, NO2, R 10 C(O)-, N3, -N(RlO) 2 , or 
RiiOCfONRlO., and 

c) C1-C6 alkyl unsubstituted or substituted by aryl, 
cyanophenyl, heterocycle, C3-C10 cycloalkyl, C2-C6 alkenyl, 
C2-C6 alkynyl, perfluoroalkyl, F, CI, Br, RK>0-, R 11 S(0) m -, 
RiOCCONH-, (R 1 0)2NC(O)-, R 1 0 2 N-C(NRlO)_ t CN, RlOC(O)-, 
N3, -N(RlO)2, or Rl<>OC(0)NH-; 

R9 is selected from: 

a) hydrogen, 

b) alkenyl, alkynyl, perfluoroalkyl, F, CI, Br, R 10 O-, 
R n S(0)m-, Rl0c(O)NRl0-, (R 1 0)2NC(O)-, r102N-C(NR10)-, 
CN, N02, R 10 C(O)-, N3, -N(RlO) 2 , or RUOC(0)NRl<>-, and 

c) C1-C6 alkyl unsubstituted or substituted by perfluoroalkyl, 
F, CI, Br, RlOo-, RllS(0) m -, RlOC(0)NRl<>., (RlO) 2 NC(0)-, 
Rl0 2 N-C(NRlO)-, CN, RlOC(O)-, N3, -N(RlO) 2 , or 
RHOCCONRiO-; 

RlO is independently selected from hydrogen, C1-C6 alkyl, benzyl and 
aryl; 

R 11 is independently selected from C1-C6 alkyl and aryl; 
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A 1 and A 2 are independently selected from: a bond, -CH=CH-, -C=C-, 
-C(O)-, -CKONRlO^ -NRl0 C (OK O, -N(RlO)-, -S(O)2N(R 10 K 
-N(RlO)S(0)2-, or S(0) m ; 

A3 is selected from: -C(O)-, -C(O)NRl0. f -C(0)0-, and S(0)m; 
A 4 is selected from: a bond, O, and NR 1 ^; 

V is selected from: 

a) hydrogen, 

b) heterocycle, 

c) aryl, 

d) Cl-C20 alkyl wherein from 0 to 4 carbon atoms are replaced 
with a heteroatom selected from O, S, and N, and 

e) C2-C20 alkenyl, 

provided that V is not hydrogen if A 1 is S(0) m and V is not hydrogen if 
A 1 is a bond, n is 0 and A 2 is S(0) m ; 



W is a heterocycle; 



Zis 


unsubstituted or substituted aryl or unsubstituted or 




substituted heteroaryl; 


m is 


0, 1 or 2; 


n is 


0, 1, 2, 3 or 4; 


p is 


0, 1, 2, 3 or 4; 


qis 


lor 2; 


r is 


0 to 5, provided that r is 0 when V is hydrogen; 


s is 


Oor 1; 


tis 


Oor 1; 


u is 


4 or 5; and 


v is 


0, 1, 2 or 3; provided that v is not 0 if A^ is -C(O)- or S(0)m; 



or a pharmaceutical^ acceptable salt or optical isomer thereof. 
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10 



15 



Examples of compounds which inhibit prenyl protein 
transferase include the following: 

2(S)-Butyl-l-(2,3-diaminoprop-l-yl)-l-(l-naphthoyl)piperazine; 

5 

l-(3-Amino-2-(2-naphthylmethylamino)prop-l-yl)-2(S)-butyl-4-(l- 
naphthoyOpiperazine; 

2(S)-Butyl-l-{541-(2-naphthylmethyD]-4,5-&^ 
10 naphthoyDpiperazine; 

20 1- [5-( l-Benzylimidazol)methyl]-2(S)-butyl-4-( 1-naphthoyDpiperazine; 

l-{5-[l-(4-nitrobenzyl)limidazolylmethyl)-2(S)-butyl-4-(l- 
15 naphthoyDpiperazine; 

25 

l-(3-Acetamidomethylthio-2(R)-aminoprop-l-yl)-2(S)-butyl-4-(l- 
naphthoyDpiperazine; 

30 20 2(S)-Butyl-l-I2-(l-irddazolyl)ethyl]suh r onyl-4-(l-naphthoyl)piperazine; 

2(R)-Butyl-l-imidazolyl-4-methyl-4-(l-naphthoyl)piperazine; 

35 2(S)-Butyl-4-(l-naphthoyl)-l-(3-pyridylmethyl)piperazine; 
25 

l-2(S)-butyl-(2(R)-(4-nitrobenzyl)aniino-3-hydroxypropyl)-4-(l- 
naphthoyDpiperazine; 



40 



45 



50 



l-(2(R)-Amino-3-hydroxyheptadecyl)-2(S)-butyl-4-(l-naphthoyl)- 
30 piperazine; 

2(S)-Benzyl-l-imidazolyl-4-methyl-4-(l-naphthoyl)piperazine; 

l-(2(R)-Amino-3-(3-benzylthio)propyl)-2(S)-butyl-4-(l- 
35 naphthoyDpiperazine; 
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l-(2(R)-Amino-3-|3-(4-nitrobenzylthio)propyl])-2(S)-butyl-4-(l- 
naphthoyDpiperazine ; 

5 2(S)-Butyl-l-[(4-imidazolyl)ethyl]-4-(l-naphthoyl)piperazine; 

2(S)-Butyl-l-[(4-imidazolyl)methyl]-4-(l-naphthoyl)piperazine; 

2(S)-ButyM-[(l-naphth-2-ylmethyl)-lH-imidazol-5-yl)acetyl]-4-(l. 
10 naphthoyDpiperazine; 

20 2(S)-Butyl-l-[(l-naphth-2-ylmethyl)--lH-imidazol-5-yl)ethyl]-4-(l- 
naphthoyDpiperazine; 



10 



15 



25 



35 



45 



50 



15 l-(2(R)-Amino-3-hydro3rpropyl)-2(S)-butyl-4-(l-naphthoyl)piperazine; 
l-(2(R)-Amino-4-hydroxybutyl)-2(S)-butyl-4-(l-naphthoyl)piperazine; 



l-(2-Amino-3-(2-benzyloxyphenyl)propyl)-2(S)-butyl-4-(l- 
30 20 naphthoyDpiperazine; 

l-(2-Amino-3-(2-hydroxyphenyl)propyl)-2(S)-butyl-4-(l- 
naphthoyDpiperazine; 



25 l-[3-(4-imidazolyl)propyl]-2(S)-butyl-4-(l-naphthoyl)-piperazine; 



2(S)-n-Butyl-4-(2,3-dimethylphenyl)-l-(4-imidazolylmethyl)-piperazin- 
40 5-one; 

30 2(S)-n-Butyl-l-[l-(4-cyanobenzyl)imidazol-5-ylmethyl]-4-(2,3- 
dimethylphenyl)piperazin-5-one; 



35 



l-[l-(4-Cyanobenzyl)imidazol-5-ylmethyl]-4-(2,3-dimethylphenyl)-2(S)- 
(2-methoxyethyl)piperazin-5-one; 
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2(S)-n<Butyl-4-(l-naphtboyl)-l-[l-(l-naphthylmethyl)imidazol-5- 
ylmethyl] -piperazine; 

10 2(S)-n-Butyl-4-(l-naphthoyl)-l-[l-(2-naphthylmethyl)imidazol-5- 
5 ylmethyl] -piperazine; 

2(S)-n-Butyl-l-[l-(4-cyanobenzyl)imidazol-5-ylmethyl]-4-(l- 
15 naphthoyDpiperazine; 

10 2(S)-n-Butyl-l-[l-(4-methoxybenzyl)imidazol-5-yImethylJ-4-(l- 
naphthoyDpiperazine; 

20 

2(S)-^Butyia-[l.(3-methyl-2-butenyl)imidazol-5-ylmethyl]-4-(l- 
naphthoyDpiperazine; 

15 

25 2(S)-n-Butyl-l-[l-(4-fluorobenzyl)imidazol-5-ylmethylJ-4-(l- 
naphthoyDpiperazine; 

2(S)-n-Butyl-l-[l-(4-chlorobenzyl)imidazol-5-ylmethyl]-4-(l- 
30 20 naphthoyDpiperazine; 

l-[l-(4-Bromobenzyl)imidazol-5-ylraethyl]-2(S)"/i-butyl-4-(l- 
naphthoyDpiperazine; 

25 2(S)-n-Butyl-4-(l-naphthoyl)-l-[l-(4-trifluoromethylbenzyl)imidazol- 
5-ylmethyl] -piperazine; 

2(S)-n-Butyl-l-[l-(4-methylbenzyl)imidazol-5-ylmethyl]-4-(l-naphthoyl)- 
piperazine; 



35 



40 



45 



50 



30 



2(S)^-Butyl-l-[l-(3-methylbenzyl)imidazol-5-ylmethyl]-4-(l-naphthoyl)- 
piperazine; 



l-[l-(4-Phenylbenzyl)imidazol-5-ylmethyl]-2(S)-n-butyl-4-(l-naphthoyl)- 
35 piperazine; 
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2(S)-^-Butyl-4-(l-naphthoyl)-141-(2-phenylethyl)imidazol-5-ylmethyl]- 
piperazine; 

2(S)-n-Butyl-4-(l-naphthoyl)-l-[l-(4-trifluoromethoxy)imidazol-5- 
ylmethyl] piperazine ; 

l-{[lK4-cyanobenzyl)-lH"imidazol-5-yl]acetyl}-2(S)-n-butyl-4-(l- 
naphthoyDpiperazine; 

(S)-l-(3-Chlorophenyl)-4-[l-(4-cyanobenzyl)-5-imidazolylmethyl]-5-[2- 
(methanesulfonyl)ethyl]-2-piperazinone; 

(S)- l-(3-Chlorophenyl)-4- [l-(4-cyanobenzyl)-5-imidazolyImethyl] -5- [2- 
(ethanesulfonyl)ethyl]-2-piperazinone; 

(R)-l-(3-Chlorophenyi)-4-[l-(4-cyanobenzyl)-5-imidazolylmethyl]-5-[2- 
(ethanesulfonyl)methyl]-2-piperazinone; 

(S)-l-(3-Chlorophenyl)-4-[l-(4-cyanobenzyl)-5-imidazolylmethyl]-5-D^- 
ethyl-2-acetamido]-2-piperazinone; 

(±)-5-(2-Butynyl)-l-(3-chlorophenyl)-4-[l-(4-cyanobenzyl)-5- 
imidazolylmethyl]-2-piperazinone; 

l-(3-Chlorophenyl)-4-[l-(4-cyanobenzyl)-5-imidazolylmethyl]-2- 
piperazinone; 

5(S)-Butyl-441^4K;yanobenzyl-2-methyl)-5-imidazolylmethyl]-l-(2 J 3- 
dimethylphenyl)-piperazin-2-one; 

4-[l-(2-(4-Cyanophenyl)-2-propyl)-5-imidazolylmethyl)-l-(3-chlorophenyl)- 
5(S)-(2-methylsulfonylethyl)piperazin-2-one; 

5(S)-n-Butyl-4-[l-(4-cyanobenzyl)-5-imidazolylmethyl]-l-(2- 
methylphenyl)piperazin-2-one; 



- 77 - 



WO 00/59930 



PCT/US00/08762 



4-[l-(4-Cyanobenzyl)-5-imidazolylmethyl]«5(SH2-fluoroethyI)-l-(3- 
chloropnenyl)piperazin-2-one; 

10 4r[3-(4-Cyanobenzyl)pyridin-4-yl] -l-(3-chlorophenyl)-5(S)-(2- 

5 methylsulfonylethyl)-piperazin-2-one; 

4-[5-(4-Cyanobenzyl)-l- imidazolylethyl]-l-(3-chlorophenyl)piperazin- 
« 2-one; 

4-{3-[4-(-2-Oxo-2-H-pyridin-l-yl)benzyl]-3-H-imidazol-4- 
10 ylmethyljbenzonitrile;* 

20 4-{3-[4-3-Methyl-2-oxo-2-H-pyridin-l-yl)benzyl]-3-H-imidazol-4- 
ylmethyl]benzonitrile; 

15 4-{3-[4-(-2-Oxo-piperidin-l-yl)benzyl]-3-H-imidazol-4- 
ylmethyl]benzonitrile; 



25 



30 



35 



40 



20 



4-{3-[3-Methyl-4-(2-oxopiperidin-l-yl)-benzyl]-3-H-imidizol-4-ylmethyl}- 
benzonitrile; 

(4-{3-[4-(2-Oxo-pyrrolidin-l-yl)-benzyl]-3H-imidizol-4-ylmethyl)- 
benzonitrile; 



4-{3-[4-(3-Methyl-2-oxo-2-H-pyrazin-l-yl)-benzyl-3-H-imidizol"4-ylmethyl}- 
25 benzonitrile; 

4-{3^2-Methoxy^-(2^xo-2-H-pyridin-l-yl)-benzyl]-3-H-imidizol-4- 
ylmethyD-benzonitrile; 

30 4-{l-[4-(5-Chloro-2-oxo-2H-pyridin-l-yl)-benzyl]-lH-pyrrol-2-ylmethyl}- 
benzonitrile; 

4-[1^2-Oxo-2H-[l,21bipyridinyl-5 , -ylmethyl).lH-pyrrol-2-ylmethyl]- 
45 benzonitrile; 
35 



50 
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4- [l-(5-Chloro-2-oxo-2H- [1,2'] bipyridinyl-S'-ylmethyD-lH-pyrrol^- 
ylmethyl] -benzonitrile; 

4-I3-(2-Oxo-l-phenyl-l J 2-dihydropyridin-4-ylmethyl)-3H-imida2ol-4- 
ylmethyl] benzonitrile; 

4-{3-[l-(3-Chloro-phenyl)-2-oxo-l,2-dihydropyridin-4-ylmethyl]-3H- 
imidazol-4-ylmethyl}benzonitrile; 

19,20-Dihydro-19-oxo-5i/J7H-18 J 21-ethano.640:12J6^imetheno-22H- 
imidazo[3,4-/i][l,8,ll,14]oxatriazacycloeicosine-9-carbonitrile; 

19- Chloro-22,23-dihydro-22-oxo-5H-21,24-ethano-6,10-metheno-25i/- 
dibenzo[b,e]imidazo|4,3-Z][l,4,7,10,13]dioxatriazacyclononadecine-9- 
carbonitrile; 

22,23-Dihycko-22-oxo-5H-21,24-ethano-6,10-metheno-25 J r/- 

dibenzo[b,e]imidazo[4,3-ZJ[l,4,7,10,13]dioxatriazacyclononadeciBe-9- 

carbonitrile; 

20- CMoro-23,24-dihydro-23K)Xo-5H-22,25-ethano-640:12,16-dimetheno- 
12H,26/f-benzo[6]imidazo[4,3-t] [1,17,4 ,7,10]dioxatriazacyclohemicosine-9- 
carbonitrile; 

(S)-20-Crdoro-23,24-dihydro-27-[2-(me^^ 
ethano^,10:12,16-dimetheno-12H,26if-benzo[6]imidazo[4,3- 
i] [1,17,4,7, 10] dioxatriazacyclohemicosine-9-carbonitrile; 

(±)-19,20-Dihydroa9^xo-5i/-18,21^thano-12,14^etheno-6,10-metheno-22H- 
benzo[rf]imidazo[4,3-*)[l,6,9,12]oxatriazacyclooctadecine-9-carbonitrile; 

(+)-19,20-Dihydro-19-oxo-5//-18,21-ethano-12,14-etheno-6,10-metheno- 

22H-benzo[(i]imidazo[4,3-*][l,6,9,12]oxatriazacyclooctadecine-9- 

carbonitrile; 

(-)-19,20-Dihydro-19-oxo-5/f>18,21-ethano-12,14-etheno-6,10-metheno-22H- 
benzoW]imidazo[4,3-A][l,6,9,12]oxatriazacyclooctadecine-9-carbonitrile; 
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10 

5 

15 

10 

20 

15 

25 
30 
35 

20 



5HA7if,20H-18,21.Ethano-6,10:12,16-dimetheno-22H-imidazo[3,4- 
&][l,8,ll,14]oxatriazacycloeicosin-20-one; 

(±)-19,20-Dihydko-3-m^ 

metheno-22H-benzo[d]imida2o[4 > 3-Aj][l,6,9,12]oxatriazacyclooctadecine-9- 
carbonitrile; 

(+) or (-) a9,20-Dihydro-3-methyl-19-oxo-5H-18,21-€thano-12,14-etheno- 
6, 10-metheno-22//-benzo Id] imidazo 1 4,3- 

k) [1,6,9, 12]oxatriazacyclooctadecine-9-carbonitrile; (Enantiomer A) 

(-) or (+) -19,20-Dihydro-3-methyM9-oxo-5if-18,21-ethano-12,14-etheno- 
6, 10-metheno-22/f-benzo [d] imidazo [4,3- 

^][l,6,9,12]oxatriazacyclooctadecine-9-carbonitrile; (Enantiomer B) 

(±)-19,20-Dihydro-19,22Klioxo-5H-18,21-ethano-12,14-etheno-6,10- 

metheno-22H-benzo[d]irjaidazo[4,3^][l,6,9,12]oxatriazacyclooctadecine-9- 

carbonitrile; 




45 



40 




CN 



50 
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CN 

1849-dihydro-19-oxo-5HA7H.6a0:12a6-dime1^eno.lH-imidazo[4,3- 
cl [1, ll,4]dioxaazacyclononadecine-9-carbonitrile; 

1748-dihydro-18K>xo-5H-6,10:1246-dimetheno-12H,20H-imidazo[4,3- 
c] [ 1, 1 1 ,4] dioxaazacyclooctadecine-9-carbonitrile ; 

(±)-17a8a9,20-tetrahydro-19-phenyl.5H-640:12a6-dimetheno-21H- 
imidazoO^-^lIljSJlloxadiazacyclononadecine^-carbonitrile; 

21 y 22-dihydro-5H-6J0:12J6-dimetheno-23^-benzofe]imidazo[4,3- 
/] [1,8,1 l]oxadiazacyclononadecine-9-carbonitrile; 
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22,23-dihydro-23-oxo-5i/,21if-6,10:12,16-dimetheno-24i/- 
benzo \g] imidazo [4,3-m] [ 1 ,8,12] oxadiazaeicosine-9-carbonitrile; 

22,23<fchydro-5i/,21if-6,10:12,16-dime1hen^^^ 
m] [1,8,1 l]oxadiazaeicosine-9-carbonitrile; 

l-(3-trifluoromethoxyphenyl)-4-[l-(4-cyano-3'methoxybenzyl)- 5- 
imidazolyl methyl] -2-piperazinone; 

or a pharmaceutical^ acceptable salt, stereoisomer or optical isomer 
thereof. 

Specific examples of a farnesyl-protein transferase inhibitor 
are l-(3-Chlorophenyl)-4-(l-(4-cyanobeiizyl)-5-imidazolylmethyl]-2- 
piperazinone; 

(R)-l-(3-Chlorophenyl)-4-[l-(4-cyanobenzyl)-5-imidazolylmethyl]-5-[2- 
(ethanesulfonyl)methyl]-2-piperazinone; 

4-[l-(5-Chloro.2-oxo-2H-[l,2 , ]bipyridinyl-5 , -ylmethyl)-lH-pyrrol-2- 
ylmethylj-benzonitrile; and 

l-[N-(l-(4-cyanobenzyl)-5-imidazolylmethyl)-N-(4-cyanobenzyl)amino]-4- 
(phenoxy)benzene; 

(±)-19,20-Dihydro-19-oxo-5H-18,21-ethano-12,14-etheno-6,10-metheno-22H- 
benzo[d]imidazo[4,3-k][l,6,9,12]oxatriaza-cyclooctadecme-9-carbonitrile; 

l-(3-trifluoromethoxyphenyl)-4-[l-(4-cyano-3-methoxybenzyl)- 5- 
imidazolyl methyl] -2-piperazinone; 

3-(biphenyl-4-ylmethoxy )-4-imidazol- 1-ylme thyl-benzoni trile ; 
3-(biphenyl-4-yl-2-ethoxy)-4-imidazol-l-ylmethylbenzonitrile; 
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3-(biphenyl-3-ylmethoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(biphenyl-4-ylmethoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
5 2-(biphenyl-4-yl-2-ethoxy)^-imidazol-l-ylniethyl-benzoiiitrile; 



1- tert-butoxycarbonyl-4-(3-chlorophenyl)-2(S)-[2-(2-cyano-5-imidazol-l- 
15 ylmethyl-phenoxy)ethyl]piperazine; 

10 2-(3-chlorophenoxy)-4-imidazoM-ylmethyl-benzonitrile; 

20 2-(4-chlorophenyl-2-ethoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2- (3-chlorophenyl-2-ethoxy)-4-imidazoM-ylmethyl-benzonitrile; 

15 

25 2-(2-chlorophenyl-2-ethoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(phenyl-2-ethoxy)-44midazol-l-ylmethyl-benzonitrile; 
30 20 2-(3-chlorobenzyloxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(4-chlorobenzyloxy)-4-imidazol-l-ylmethyl-benzonitrile; 

3 5 2-(2,4-dichlorobenzyloxy)-4-imidazol-l-ylmethyl-benzonitrile; 
25 

2-(benzyloxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(biphenyl-2-ylmethoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
30 2-(phenyl-4-butoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(phenyl-3-propoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2^biphenyl-4-yl-2^thoxy)-4-(l,2,4-triazol-l-yl)methyl-benzonitrile; 

35 

50 
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2-(biphenyl-4-yl-2-ethoxy)^-(2-methyl-imida2ol-l-yl)methyl-benzonitrile; 

2-(biphenyl-4-yl-2-ethoxy)-4-benzimidazol-l-yl)methyl-benzonitrile; 

4-imidazol-l-ylmethyl-2-(naphthalen-2-yloxy)-benzonitrile; 

2-(3-cyanophenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(3-bromophenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(biphen-3-yloxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(biphen-4-yloxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(3-acetylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(2-acetylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(3-trifluoromethylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(3-methylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(2-methylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(4-methylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(3-methoxyphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(2-raethoxyphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(4-methoxyphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(3,5-dimethylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(3,4-dimethy]phenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
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10 



15 



2-(3,5-dimethoxyphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-( l-naphthyloxy)-4-imidazol- 1-ylmethyl-benzonitrile; 

5 

2-(2,4-dichlorophenoxy)-4-imidazol-l-ylmethyI-benzonitrile; 
2>(3-fluorophenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
1 0 2-(3-t-butylphenoxy)-4-iraidazol-l-ylmethyl-benzonitrile; 
20 2-[3-(N,N-diethylamino)phenoxy]-4-imidazol-l-ylmethyl-benzonitrile; 

2-(3-n-propylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

15 

25 2-(2,3-dimethoxyphenoxy)-4-imidazoM-ylmethyl-benzonitrile; 

2-(2,3-dimethylphenoxy)"4-imidazol-l-ylmethyl-benzonitrile; 
30 20 2-(3,4-dimethoxyphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(2,5-dimethoxyphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

35 2-(3,4-dichlorophenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
25 

2-(2,4-dimethylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
40 2-(4-chloro-2-methylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

30 2-(5-cMoro-2-methylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(2K;hloro-4,5-dimethylphenoxy)-4-iniidazoI-l-ylmethyl-benzonitrile; 



45 



50 



2-(5-hydroxymethyl-2-methoxyphenoxy)-4-imidazol-l-ylmethyl- 
35 benzonitrile; 
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4-imidazol-l-ylmethyl-2-(3-phenylamino-phenoxy)-benzonitrile; 

4-imidazol-l-ylmethyl-2-[3-(2-methylphenylamino)-phenoxy]- 
benzonitrile; 

4-imidazol-l-ylmethyl-2-(3-phenoxy-phenoxy)-benzonitrile; 

2-(2-benzoyl-phenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

l-(5-chloro-2-methoxy-phenyl)-3-[3-(2-cyano-5-imidazol-l r ylmethyl- 
phenoxy)-phenyl] -urea; 

1- (2,5-dimethoxy-phenyl)-343-(2-cyano-5-irnidazol-l-ylmethyl-phenoxy)- 
phenyl]-urea; 

2- (3-benzyloxy-phenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(4-benzyloxy-phenoxy)-4-imidazoM-ylmethyl-benzonitrile; 

2-(2-benzyl-phenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(3-ethynyl-phenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(4-acetyl-3-methyl-phenoxy)-4-irnidazol-l-ylmethyl-benzonitrile; 

4-imidazol- 1 -ylmethy l-2-( li7-indazol-6-yloxy)-benzonitrile ; 

4-imidazol-l-ylmethyl-2-(5 t 6,7,8-tetrahydro-naphthalen-l-yloxy)- 
benzonitrile; 

4-imidazol-l-ylmethyl-2-(8-oxo-5,6,7,8-tetrahydro-naphthalen-l-yloxy)- 
benzonitrile; 

4-imidazol- l-ylmethyl-2-(Lff-indol-7-yloxy)-benzonitrile; 
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4-imidazol-l-ylmethyl-2»(3-oxo-indan-4-yloxy)-benzonitrile; 

10 4-imidazol-l-ylmethyl-2-(Lf/-indol-4-yloxy)-benzonitrile; 
5 

2- |3-(2-hydroxy-ethoxy)-phenoxy]-4-imidazol-l-ylmethyl-benzonitrile; 
15 4-imidazol-l-ylmethyl-2-(4-imidazol-l-yl-phenoxy)-benzonitrile; 

10 4 , -(2-cyano-5-imidazol-l-ylmethyl-phenoxy)-biphenyl-4-carbonitrile; 
20 iV-[3-(2-cyano-5-iinidazol-l-ylniethyl-phenoxy)-phenyl]-acetamide; 

4-imidazol-l-ylmethyl-2-(9-oxo-9if-fluoren-4-yloxy)-benzonitrile; 

15 

25 3-(2-cyano-5-imidazol"l-ylmethyl-phenoxy)-ATphenyl-benzamide; 

3- (2-cyano-5-imidazol-l-ylmethyl-phenoxy)-iV'-ethyl-N-phenyl-benzamide; 

30 20 3-(2-cyano-5-imidazol- l-ylmethyl-phenoxy)-N-cyclopropylmethyl-N- 

phenyl-benzamide; 

2-(5-chloro-p3T"idin-3-yloxy)-4-imidazol-l-ylmethyl-benzonitrile; 

35 

25 iV-[3-(2-cyano-5-imidazol-l-ylmethyl-phenoxy)-phenyl]- 
benzenesulfonamide; 

40 4-imidazol-l-ylmethyl-2-(indan-5-yloxy)-benzonitrile; 

30 3-(9H-carbazol-2-yloxy)-4-imidazol-l-ylmethyl-benzonitrile; 



45 
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4-imidazol-l-ylmethyl-2-{5,6 ) 7,8-tetrahydro-naphthalen-2-yloxy)- 
benzonitrile; 

35 4-imidazol-l-ylmethyl-2-(2-methoxy-4-propenyl-phenoxy)-benzonitrile; 
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4-imidazol-l-ylmethyl-2-[4-(3-oxo-butyl)-phenoxy]-benzonitrile; 

10 2-(3-chlorophenoxy)-5-imidazol-l-ylmethyl-beazonitrile; 
5 

2-(4-chlorophenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
15 2-(3 ,5-dichlorophenoxy)-4-imidazol- 1 -ylmethyl-benzonitrile; 

1 0 2-(pyridin-3-yloxy)-4-imidazol-l-ylmethyl-benzonitrile; 
20 2-(2-crdorophenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(3-chlorophenoxy)-5-(4-phenyl-iinidazol-l-ylmethyl)-benzonitrile; 

15 

25 2-(biphen-2-yloxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(phenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2Q 20 2-(2-chloro-4-methoxyphenoxy)-4-imidazol-l -ylmethyl-benzonitrile; 

2-(2-chlorophenylsulfanyl)-4-i mid azol-1 -ylmethyl-benzonitrile; 

35 4-imidazol-l-ylmethyl-2-(naphthalen-2-ylsulfanyl)-benzonitrile; 
25 

2-(2,4-dichlorophenylsulfanyl)-4-imidazol-l-ylmethyl-benzonitrile; 



40 



45 



50 



2-(2,4-dichloro-benzenesulfinyl)-4-imidazol-l-ylmethyl-benzonitrile; 
30 2-(2,4-dicrdoro-benzenesulfonyl)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(2-methyl-pyridin-3-yloxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(2,4-dimethyl-pyridin-3-yloxy)-4-imidazol-l-ylmethyl-benzonitrile; 

35 
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2-(4-chloro-2-methoxyphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(2-chlorophenoxy)-4-(5-methyl-imidazol-l-ylmethyl)-benzonitrile; 
5 2-(2-chlorophenoxy)-4-(4-methyl-imidazol-l-ylmethyl)-benzonitrile; 



2-(3-chloro-5-trifluoromethyl-pyridin-2-yloxy)-4-imidazol-l-ylmethyl- 
15 benzonitrile; 

10 2-(2,4-dichlorophenoxy)-4-(2-methyl-imidazol-l-ylmethyl)-benzonitrile; 

20 iV-[3-(2-cyano-5-imidazol-l-ylmethyl-phenoxy)-phenyl]-benzamide; 

2-[3-(2-cyano-5-imidazol-l-ylmethyl-phenoxy)-phenyl]-iV-phenyl- 
15 acetamide; 



20 



4-imidazol-l-ylmethyl-2-(quinolin-6-yloxy)-benzonitrile; 

4-imidazol-l-ylmet^yl-2-(2-oxo-l,2-dihydro-quinolin-6-yloxy)-benzonitrile; 

N- [3-( 2-cy ano-5-imidazol- 1-ylme thyl-phenoxy )-phenyl] -2-phenyl- 
acetamide; 



35 5-(2-cyano-5*imidazol-l-ylmethyl-phenoxy)-iV-cyclohexyl-nicotinamide; 
25 

i^-(3-chloro-phenyl)-5-(2-cyano-5-imidazol-l-ylmethyl-phenoxy)- 
nicotinamide; 



2-(2,3-dimethoxyphenoxy)-4-(2,4-dimethyl-imidazol-l-ylmethyl)- 
30 benzonitrile; 

4-(2-methyl-imidazol-l-ylmethyl)-2-(naphthalen-2-yloxy)-benzonitrile; 

4-(l-imidazol-l-yl-l-methyl-ethyl)-2-(naphthalen-2-yIoxy)-benzonitrile; 

35 
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1- [4-iodo-3-(naphthalen-2-yloxy)-benzyl]-lif-imidazole; 

acetic acid 3-[3-(2-chloro-phenoxy)-4-cyano-benzyl]-3H-imidazol-4- 
10 ylmethyl ester; 

5 

2- (2-chloro-phenoxy)-4-(5-hydroxymethyl-imidazoM-ylmethyl)- 
benzonitrile; 

15 

4-(5-aminomethyl-imidazol-l-ylmethyl)-2-(2-chloro-phenoxy)- 
10 benzonitrile; 

20 N-{3-[4-cyano-3-(2,3-dimethoxy-phenoxy)-benzyl]-3H-imidazol-4- 
ylmethyl}-2-cyclohexyl-acetamide; 

15 2-(3-chloro-phenoxy)-4-[(4-chloro-phenyl)-imidazol-l-yl-methyl]- 
25 benzonitrile; 



30 



45 



50 
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2-(3-cWoro-phenoxy)-4-[l-(4-chloro-phenyl)-2-hydroxy-l-imidazol-l-yl- 
ethyl] -benzonitri le ; 

2-(3-chloro-phenoxy)-4-[(4-chloro-phenyl)-hydroxy-(3H-imidazol-4-yl)- 
methyl] -benzonitrile; 



35 2-(2,4-dichloro-phenylsulfanyl)-4-[5-(2-morpholin-4-yl-ethyl)-imidazol-l- 
25 ylmethyl] -benzonitrile; 

2-(2,4-dichloro-phenoxyH45-(2-morpholin-4-yl-ethyl)-imidazol-l- 
40 ylmethyll-benzonitrile; 

30 4-[hydroxy-(3-methyl-3H-imidazol-4-yl)-methyl]-2-(naphthalen-2-yloxy)- 
benzonitrile; 



35 



4-[amino-(3-methyl-3H-imidazol-4-yl)-methyl]-2-(naphthalen-2-yloxy)- 
benzonitrile; 
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4- Jl-hydroxy- l-(3-m ethyl-^ 
benzonitrile ; 

4- [ 1-am i n ch l-(3-m ethyl-3H-im ^ 
benzonitrile hydrochloride; 

3^2-cyano-5-[l-amino-l-(3-methyl-3i?-imidazol-4-yl)-ethyl]-phenoxy}-iV- 
ethyl-N-phenyl-benzamide; 

3- {2-cyano-5-[l-hydroxy-l-(3-methyl-3H-imidazol-4-yl)-ethyl]-phenoxy}-A 7 - 
ethyl-AT-phenyl-benzamide; 

4- [l-hydroxy-l-(3-methyl-3H-imidazol-4-yl)-ethyl]-2-(3-phenylamino- 
phenoxy )-benzonitrile ; 

4-[l-hydroxy-l-(3-methyl-3if-inndazol-4-yl)-ethyl]-2-(3-phenoxy-phenoxy)- 
benzonitrile; 

2-(3-benzoyl-phenoxy)^4l-hydroxy-l.(3-methyl-3i?-imidazol-4-yl)-ethyl]- 
benzonitrile; 

2-(3-ieri-butyl-phenoxy)-4-[l-hydroxy-l-(3-methyl-3if-imidazol-4-yl)- 
ethyl] -benzonitrile; 

2-(3-diethylamino-phenoxy)-4-[l-hydroxy-l-(3-methyl-3H-imidazol-4-yl)- 
ethyl] -benzonitrile; 

2-(5-chloro-2-oxo-2i/-[l,2 , ]bipyridinyl-5 , -ylmethoxy)-4-imidazol-l- 
ylmethyl-benzonitrile; 

4-Imidazol-l-ylmethyl-2-[2-(2-oxo-2ff-pyridin-l-yl)-phenoxy]-benzonitrile; 
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4-Imidazol- l-ylmethyl-2- [3-(2-oxo-2#- pyridin- 1 -yl)-phenoxy] - 
benzonitrile; 

4-Imidazol- 1 -ylmethyl-2- [4-(2-oxo-2Jf- pyridin-1 -yl)-phenoxy] - 
benzonitrile; 

4-imidazol-l-ylmethyl-2-[3-(2-oxo-piperidin-l-yl)-phenoxy]-benzonitrile; 

4-imidazol-l-ylmethyl-2-[4-(2-oxo-piperidin-l-yl)-phenoxy]-benzonitrile; 

4-imidazol-l-ylmethyl-2-[2-(3-methyl-2-oxo-piperidin-l-yl)-phenoxy]- 
benzonitrile; 

4-imidazol-l-ylmethyl-2-(3-morpholin-4-yl-phenoxy)-benzonitrile; 

44midazol-l-ylmethyl-2-(3-piperidin-l-ylmethyl-phenoxy)-benzonitrile; 

2-[2-(3,3-dimethyl-2-oxo-piperidin-l-yl)-phenoxy]^-imidazol-l-ybnethyl- 
benzonitrile; 

2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxyl-4-imidazol-l-ylmethyl- 
benzonitrile; 

2-[3-(3^thyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4K2-metliyl-imidazol- 

1- y])methyl-benzonitrile; 

2- [3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-(5-methyl-imidazol- 

1- yl)methyl-benzonitrile; 

2- [3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-(2,5-dimethyl- 
imidazol-l-yl)methyl-benzonitrile; 

2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-[l,2,4]triazol-4- 
ylmethyl-benzonitrile; 
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2-[3-(3-ethyi-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-[l,2,4]triazol-l- 
ylmethyl-benzonitrile; 

4-imidazol-l-ylmethyl-2-[3-(l-methyl-2-oxo-azepan-3-yl)-phenoxy]- 
benzonitrile; 

4-imidazol-l-ylmethyl-2-[3-(l-methyl-2-oxo-azocan-3-yl)-phenoxy]- 
benzonitrile; 

4-imidazol-l-ylmethyl-2-[3-(l-methy]-2-oxo-piperidin-3-yl)-phenoxy]- 
benzonitrile; 

4-imidazol-l-ylmethyl-2-[3-(3-ethyl-l-methyl-2-oxo-piperidin-3-yl)- 
phenoxy] -benzonitrile; 

4-imidazol-l-ylmethyl-2-[3-(2-oxo-azepan-3-yl)-phenoxy]-benzonitrile; 

2-[3-(3-hydroxymethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-imidazol- 

1 - ylmethyl-benzonitrile; 

2- [3-(3-cyclopropylmethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4- 
imidazol-l-ylmethyl-benzonitrile; 

2-[4-bromo-3-(3-cyclopropylmethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxyJ- 
4-imidazol-l-ylmethyl-benzonitrile; 

2-f3-(3-methoxymetnyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-imidazol- 

1- ylmethyl-benzonitrile; 

2- [3-(3-ethyl-2-oxo-azepan-3-yl)-phenoxy]-4-imidazol-l-ylmethyl- 
benzonitrile; 

2-[3-(3-ethyl-azepan-3-yl)-phenoxy]-4-imidazol-l-ylmethyl-benzonitrile; 
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2^3-(l-acetyl-3-ethyl-azepan-3-yl)-phenoxy]-4-imidazol-l-ylmethyl- 
benzonitrile; 

343-(2-cyano-5-imidazol-l-ylmethyl-phenoxy)-phenyl]-3-ethyl-azepane-l- 
carboxylic acid-terf-butyl ester; 



4-[5-(2-amino-ethyl)-2-methyl-imidazol-l-yl^^ 
15 2-oxo-azepan-3-yl)-phenoxy]-benzonitrile; 

10 2- [3-(3-ethyl- 1-me tnyl-2-oxo-azepan-3-yl)-phenoxy] -4- [2-me thyU5-(2- 
morpholin-4-yl-ethyl)-imidazol-l-ylmethyl] -benzonitrile; 

20 

N-[2-(3-{4-cyano-3-[3-(3-ethyl-l"methyl-2-oxo-azepan-3-yl)-phenoxyJ- 
benzyl}-2-methyl-3H-imidazol-4-yl)-ethyl]-acetamide; 

15 

25 3-ethyl-3-[3-(3-inndazol-l-ylmethyl-phenoxy)-phenyl]-l-methyl-azepan-2- 
one; 

2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-(3-methyl-3-/f- 
30 20 iinidazol-4-ylmethyl)-benzonitrile; 

2- [3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-(3H-irnid£izol-4- 
ylmethyD-benzonitrile; 

35 

25 2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-[hydroxy-(3-methyl- 

3- H-irnidazol-4-yl)-methyl]-benzonitrile; 

40 4-[ainino-(3-methyl-3-if-imidazol-4-yl)-methyl]-2-[3-(3-ethyl-l-me 
oxo-azepan-3-yl)-phenoxy] -benzonitrile; 



30 



2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-benzyl]-4-(3-methyl-3i/- 
imidazole-4-carbonyl)-benzonitrile; 



2-[3-(3-ethyM-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-(hydroxy-pyridin-3- 
35 yl-methyl)-benzonitrile; 
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2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]^-pyridin-3-ylmethyl- 
benzonitrile; 

2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-3'l)-phenoxy]-4-p3Tidin-2-ylmethyl- 
benzonitrile; 

2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-[l-hydroxy-l-(3- 
methyl-3H-imidazol-4-yl)-ethyl] -benzonitrile; 

2-[3-(3-ethyl-l-methyl-2-oxo-azepan«3-y])-phenoxy]-4-[l-amino-l-(3- 
methyl-3H-imidazol-4-yl)-ethyl]-benzonitrile; 

l-[l-(4 , -Cyanobenzyl) imidazol-5-ylmethyl]-4-[l-phenyl-l- 
cyclopentylcarbonyl] piperazine; 

l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl]-4-ICyclohexylphenylacetyl] 
piperazine; 

l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl]-4-[l-(3-methoxyphenyl)-l- 
cyclopentylcarbonyl] piperazine; 

l-fl-^'-Cyanobenzyl) imidazol-5-ylmethyl]-4-[l-(3-phenoxyphenyl)-l- 
cyclopentylcarbonyl] piperazine; 

l-[l-(4'-Cyano-3-fluorobenzyl) imidazol-5-ylmethyl]-4-[l-(3- 
hydroxyphenyl)-l-cy clohexy lcarbony 1) piperazine ; 

l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl] piperazine-4-carboxylic acid- 
(2,6-dimethoxy)benzyl ester; 

l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl] piperazine-4-(DL-2-hydroxy-2- 
(o-methoxyphenyl)) acetamide; 
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1 - [ 1 -(4'-Cyanobenzyl) imidazol-5-ylmethyl) -4- [ l-(2 ,6- 
dimethylbenzyloxycarbonyl] piperazine; 

l-[l-(4'-Cyanobenzyl) inridazol-5-ylmethylJ-4-[l-(2-methoxyphenyl)-l- 
cyclopentylcarbonyl] piperazine; 

(+/-) l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyI]-4-[l-(bicyclo[3.1.0]hex-3- 
yl)-l-(3-methoxypnenyl)-carbonyl] piperazine; 

(R/S) 2[4-((Phenyl)methyloxycarbonyl-l-piperazine)]-2-[l-(4'- 
cyanobenzyl)-2-methyl-5-imidazol]acetonitrile; 

l-[l-(4'-methyl benzyl) imidazo]-5-ylmethyl]-4-[l-(2 s 6- 
dimethylbenzyloxycarbonyl) piperazine; 

l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl] piper azine-4-carboxylic acid- 
(4-nitro)phenyl ester; 

1- [l-(4-Cyanobenzyl) imidazol-5-ylmethyl]-4-[3-(4-fluorophenyl)-3- 
(tricyclo[3.3.1.1 37 ]dec-2-yl)-propionyl] piperazine; 

2- (l-(4'-cyano benzyl )imidazol-5-yl -2-[4-(phenylmethyloxy 
carbonyl)piperazin- 1-yl] acetamide; 

l-[l-(4 , -cyanobenzyl) imidazol-5-ylmethyl]-4-[l-(2-rnethoxy-5- 
chlorobenzyloxycarbonyl] piperazine; 

l-[l-(4 , -cyanobenzyl) imidazol-5-ylmethyl]-4-[l- 
(pentafluororobenzyloxycarbonyl] piperazine; 

l-[l-(4'-cyanobenzyl) imidazol-5-ylmethyl]-4-[l-(2- 
ethoxybenzyloxycarbonyl] piperazine; 

l-[l-(4 , -cyanobenzyl) imidazol-5-ylmethyl]-4-{l-[(2-methoxypyridin-3- 
yDmethyloxycarbonyl] } piperazine; 
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l-[l-(4'-cyanobenzyl) imidazol-5-yl methyl] -4- [l-(2- 
trifluoromethoxybenzyloxycarbonyl] piperazine; 

l-tl-(4'-cyanobenzyl) imidazol-5-ylmethyl]-4- [l-(2,3- 
methylenedioxybenzyloxycarbonyl] piperazine; 

l-[l-(4'-Cyanobenzyl) imidazol-5-yimethyl] piperazine-4-carboxylic acid 
benzyl ester; 

l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl]-piperazine-3-carboxylic acid- 
4-carboxylic acid benzyl ester; 

l-[l-(4 , -Cyanobenzyl) imidazol-5-ylmethyl]-3-methyl carboxy -piperazine- 
4-carboxylic acid benzyl ester; 

l-[l-(4 , -Cyanobenzyl) imidazol-5-ylmethyl] piperazine-4-(N-3-isopropenyl- 
1 , 1 -dimethylbenzy Dcarboxamide ; 

1- l(l-(4'-cyanobenzyl) imidazol-5-ylmethyl]-4-phenylmethanesulfonyl - 
(cis)-2,6-dimethylpiperazine; 

2- ((4 , -cyanobenzyl)-5-imidazolyl))-2-[(4'-phenylmethyloxycarbonyl) 
piperazin-l'-yljacetonitrile; 

l-[l-(4 , -Cyanobenzyl)irnidazol-5-yimethyl|-4-(2-tert-butyl-3- 
phenyDpropionyl piperazine; 

l-[l-(4 , -Cyanobenzyl) imidazol-5-ylmethyl]-4-[l-(4-methoxyphenyl)-l- 
cyclohexyljcarbonyl piperazine; 

1- [ l-l-(4*-Cyanobenzyl) imidazol-5-ylmethyl] -4-{ 1 - [(2-ethoxypyridin-3- 
yDmethyloxycarbonyl] piperazine; 
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l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl]-4-[l-(2- 
methanesulfonylbenzyloxycarbonyl) piperazine; 

1- [l-(4'-Cyanobenzyl) imidazol-5-yl)-2-(ethoxybenzyl)] piperazine- 4- 
carbamide; 

[l-((l(4 , -Cyanobenzyl)-2-methyl)imidazoI-5-yl)-4- 
(benzyloxycarbonyl)Jpiperazine; 

l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl] piperazine-4-(N-3- 
methylbenzyDcarboxamide; 

l-U-W-Cyanobenzyl) imidazol-5-ylmethyl] piperazine-4-(N-2- 
chlorobenzyDcarboxamide; 

l-[l-(4'-Cyanobenzyl)imidazol-5-yl)-(2-methoxybenzyl)] piperazine-4- 
carboxamide; 

l-tl-C^-CyanobenzyDimidazol-S-yD-O-methoxy-G-chlorobenzyl)] 
piperazine-4-carboxamide; 

l-[l-(4 , -Cyanobenzyl)imidazol-5-yl)-(2-methyl-5-chlorobenzyl)] piperazine- 
4-carboxarnide; 

Hl-(4'-Cyanobenzyl)imidazol-5-yl)-(3-phenylpropyl)] piperazine-4- 
carboxamide; 

l-[l-(4-Cyanobenzyl)imidazol-5-yl)-(2,5-dimethylbenzyl)] piperazine-4- 
carbamide; 

l-[l-(4'-Cyanobenzyl)imidazole-5-ylmethyl]-4-benzyloxycarbonyl)-( trans)- 
2,5-dimethylpiperazine; 

1- [(4-cyanophenyl)methylimidazol-5-ylmethyI] piperazine-4-2,4- 
dimethylbenzyloxycarbonyl; 
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l-l(4-cyanophenyl)methyliinidazol-5-ylmethyl] piperazine-4-(2- 
methylbenzyloxycarbonyl); 

10 

5 l-[(4-cyanophenyl)methylimidazol-5-ylmethyl] piperazine-4-(4'- 
acetamidobenzyloxycarbonyl); 

15 l-[(4-cyanophenyl)methyliiiiidazol-5-ylmethyl] piperazine-4-[(3'- 

methylbenzyloxycarbonyl); 

10 

l-[(4-cyanophenyl)methylimidazol-5-ylmethyl] piperazine-4-(2'- 
20 methoxybenzyloxycarbonyl); 

l-[(4-cyanophenyl)methylimidazol-5-ylmethyl] piperazine-4-(3'- 
15 methoxybenzyloxycarbonyl); 

25 

l-[(4-cyanophenyl)methylimidazol-5-ylmethyl] piperazine-4-(l- 
oxypyridine-3 -methyl oxycarbonyl); 

30 20 l-[(4-cyanophenyl)methylimidazol-5-ylmethyl] piperazine-4-(3- 

pyridinemethyloxycarbonyl); 

1- [(4-cyanophenyl)methylimidazol-5-ylmethyl] piperazine-4-(4'- 
35 pyridinemethyloxycarbonyl); 



40 
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25 



l-t(4-cyanophenyl)methylimidazol-5-ylmethyl] piperazine^-^S'- 
dime thy 1 ben zyloxycarbonyl) ; 



1- [(4-cyanophenyl)methylimidazol-5-ylmethyl] piperazine-4- [( 1 ,3- 
30 benzodioxolan-5-methyl)oxycarbonyl] ; 

or a pharmaceutical^ acceptable salt or optical isomer thereof. 

Compounds which are described as inhibitors of farnesyl- 
35 protein transferase and may therefore useful in the present invention, 
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and methods of synthesis thereof, can be found in the following patents, 
pending applications and publications, which are herein incorporated by 
reference: 

WO 95/32987 published on 7 December 1995; 
5 US Pat. No. 5,420,245; 

US Pat. No. 5,523,430; 

US Pat. No. 5,532,359; 

US Pat. No. 5,510,510; 

US Pat. No. 5,589,485 
10 US Pat. No. 5,602,098; 

European Pat. Publ. 0 618 221; 

European Pat. Publ. 0 675 112; 

European Pat. Publ. 0 604 181; 

European Pat. Publ. 0 696 593; 
15 WO 94/19357; 

WO 95/08542; 

WO 95/11917; 

WO 95/12612; 

WO 95/12572; 
20 WO 95/10514 and U.S. Pat. No. 5,661,152; 

WO 95/10515; 

WO 95/10516; 

WO 95/24612: 

WO 95/34535: 
25 WO 95/25086: 

WO 96705529: 

WO 96/06138: 

WO 96706193: 

WO 96716443; 
30 WO 96721701 

WO 96721456; 

WO 96722278 

WO 96724611: 

WO 96724612; 
35 WO 96705168; 
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WO 96/05169; 

WO 96/00736 and US Pat. No. 5,571,792 granted on November 5, 1996; 

WO 96/17861; 

WO 96/33159; 
5 WO 96/34350; 

WO 96/34851: 

WO 96/30017: 

WO 96/30018; 

WO 96/30362; 
10 WO 96/30363; 

WO 96/31111 

WO 96/31477 

WO 96/31478 

WO 96/31501 
15 WO 97/00252; 

WO 97/03047; 

WO 97/03050; 

WO 97/04785: 

WO 97/02920 
20 WO 97/17070; 

WO 97/23478; 

WO 97/26246 

WO 97/30053 

WO 97/44350 
25 WO 97/43437 

WO 97/49700 

WO98/00409 ; 

WO 98/00411 

WO 98/02436 
30 WO 98/04545; 

WO 98/09641 

WO 98/07692; 

WO 98/11091 

WO 98/11092 
35 WO 98/11093 
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WO 98/11096; 

WO 98/11097; 

WO 98/11098; 

WO 98/11099; 
5 WO 98/11100; 

WO 98/11106; 

WO 98/15556; 

WO 98/17629; 

WO 98/20001; 
10 WO 98/27109; 

WO 98/29390; 

WO 98/30558; 

WO 98/32741; 

WO 98/34921; 
15 WO 98/38162; 

GB 2323841; 

GB 2323842; 

GB 2323783; 

WO 98/40383; 
20 WO 98/42676; 

WO 98/46625; 

WO 98/49157; 

WO 98/50029; 

WO 98/50030; 
25 WO 98/50031; 

EP 810223; 

KR 97/006208; 

and 

US Pat. No. 5,532,359 granted on July 2, 1996. 

30 

The following compounds which are inhibitors of farnesyl- 
protein transferase are particularly useful in the methods of treatment 
described herein: 

(+)-6-[amino(4-chlorophenyl)(l-methyl-lH-imidazol-5-yl)methyl]-4-(3- 
35 chlorophenyl)-l-methyl-2(lH)-qumolinone (Compound J) 
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(-)-6-[amino(4-chlorophenyl)(l-methyl-lH-imidazol-5-yl)methyl]-4-(3- 
chlorophenyl)-l-methyl-2(lH)-quinolinone (Compound J- A; designated 
"comp. 74" in WO 97/21701) 

(+)-6-[aim^o(4-chlorophenyl)(l-methyl-lH-imidazol-5-yl)methyl]-4-(3- 
chlorophenyl)-l-methyl-2(lH)-quinolinone (Compound J-B; designated 
"comp. 75" in WO 97/21701) 

or a pharmaceutically acceptable salt thereof. The syntheses of these 
compounds are specifically described in PCT Publication WO 97/21701, in 
particular on pages 19-28. The preferred compound among these 
compounds to use in combination with a PSA conjugate is Compound J- 
B. 

The following compound which is an inhibitor of farnesyl- 
protein transferase is particularly useful in the methods of treatment 
described herein: 
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or a pharmaceutically acceptable salt thereof. The synthesis of this 
compound is specifically described in PCT Publication WO 97/23478, in 
particular on pages 18-56. In WO 97/23478, the above compound is 
designated compound "39.0" and is specifically described in Example 10. 

Compounds which are inhibitors of farnesyl-protein 
transferase and are therefore useful in the present invention, and 
methods of synthesis thereof, can be found in the following patents, 
pending applications and publications, which are herein incorporated by 
reference: 

US Pat. No. 5,238,922 granted on August 24, 1993; 

US Pat. No. 5,340,828 granted on August 23, 1994; 

US Pat. No. 5,480,893 granted on January 2, 1996; 

US Pat. No. 5,352,705 granted on October 4, 1994; 

US Pat. No. 5,504,115 granted on April 2, 1996; 

US Pat. No. 5,536,750 granted on July 16, 1996; 

US Pat. No. 5,504,212 granted on April 2, 1996; 

US Pat. No. 5,439,918 granted on August 8, 1995; 

US Pat. No. 5,686,472 granted on November 11, 1997; 

US Pat. No. 5,736,539 granted on April 4, 1998; 

US Pat. No. 5,576,293 granted on November 19, 1996; 

US Pat. No. 5,468,733 granted on November 21, 1995; 

WO 96/06609 (March 3, 1996) and USSN 08/298,478 filed on August 24, 

1994; 

US Pat. No. 5,585,359 granted on December 17, 1996; 
US Pat. No. 5,523,456 granted on June 4, 1996; 
US Pat. No. 5,661,161 granted on August 26, 1997; 
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US Pat. No. 5,571,835 granted on November 5, 1996; 
US Pat. No. 5,491,164 granted on February 13, 1996; 
US Pat. No. 5,652,257 granted on July 29, 1997; 
US Pat. No. 5,631,280 granted on May 20, 1997; 
5 US Pat. No. 5,578,629 granted on November 26, 1996; 
US Pat. No. 5,627,202 granted on May 6, 1997; 

US Pat. No. 5,856,326 granted on January 5, 1999; WO 96/30343 (October 
15 3, 1996); 

10 US Pat. No. 5,624,936 granted on April 29, 1997; US Pat. No. 5,534,537 

granted on July 9, 1996; 
20 US Pat. No. 5,710,171 granted on April 29, 1997; 

WO 96/39137 (December 12, 1996); USSN 08/468,160 filed on June 6, 1995; 

USSN 08/652,055 filed on May 23, 1996; USSN 08/960,248 filed October 29, 
15 1997; 

25 

US Pat. No. 5,703,241 granted on December 30, 1997; 
WO 97/18813; USSN 08/749,254 filed on November 15, 1996; 

30 20 WO 97/27854 (August 7, 1997); USSN 60/010,799 filed on January 30, 1996; 

USSN 08/786,520 filed on January 21, 1997; USSN 09/015,823 filed on 
January 29, 1998; 

35 WO 97/27752 (August 7, 1997); USSN 60/010,860 filed on January 30, 1996; 

25 USSN 08/784,556 filed on January 21, 1997; USSN 09/030,223 filed on 
February 25, 1998; 
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WO 97/27853 (August 7, 1997); USSN 60/011,081 filed on January 30, 1996; 
USSN 08/786,519 filed on January 21, 1997; 

WO 97/27852 (August 7, 1997); USSN 60/010,798 filed on January 30, 1996; 
USSN 08/786,516 filed on January 21, 1997; 



WO 97/36888 (October 9, 1997); USSN 60/014,587 filed on April 3, 1996; 
35 USSN 08/823,919 filed on March 25, 1997; 
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WO 97/36889 (October 9, 1997); USSN 60/014,589 filed on April 3, 1996; 
USSN 08/823,923 filed on March 25, 1997; 

WO 97/36876 (October 9, 1997); USSN 60/014,592 filed on April 3, 1996; 
USSN 08/834,671 filed on April 1, 1997; 

WO 97/36593 (October 9, 1997); USSN 60/014,593 filed on April 3, 1996; 
USSN 08/827,485, filed on March 27, 1997; 

WO 97/36879 (October 9, 1997); USSN 60/014,594 filed on April 3, 1996; 
USSN 08/823,920 filed on March 25, 1997; 

WO 97/36583 (October 9, 1997); USSN 60/014,668 filed on April 3, 1996; 
USSN 08/824,588 filed on March 26, 1997; 

WO 97/36592 (October 9, 1997); USSN 60/014,775 filed on April 3, 1996; 
USSN 08/826,292 filed on March 27, 1997; 

WO 97/36584 (October 9, 1997); USSN 60/014,776 filed on April 3, 1996; 
USSN 08/824,427 filed on March 26, 1997; 

USSN 60/014,777 filed on April 3, 1996; USSN 08/826,317 filed on March 
27, 1997; 

WO 97/38665 (October 23, 1997); USSN 60/014,791 filed on April 3, 1996; 
USSN 08/831,308 filed on April 1, 1997; 

WO 97/36591 (October 9, 1997); USSN 60/014,792 filed on April 3, 1996; 
USSN 08/827,482, filed on March 27, 1997; 

WO 97/36605 (October 9, 1997); USSN 60/014,793 filed on April 3, 1996; 
USSN 08/823,934 filed on March 25, 1997; 
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WO 97/37877 (October 9, 1997); USSN 60/014,794 filed on April 3, 1996; 
USSN 08/834,675 filed on April 1, 1997; 

WO 97/37900 (October 9, 1997); USSN 60/014,798 filed on April 3, 1996; 
USSN 08/823,929 filed on March 25, 1997; 

WO 97/36891 (October 9, 1997); USSN 60/014,774 filed on April 3, 1996; 
USSN 08/826,291 filed on March 27, 1997; 

WO 97/36886 (October 9, 1997); USSN 60/022,332 filed on July 24, 1996; 
USSN 08/823,919, filed on March 27, 1997; 

WO 97/36881 (October 9, 1997); USSN 60/022,340 filed on July 24, 1996; 
USSN 08/827,486, filed on March 27, 1997; 

WO 97/36585 (October 9, 1997); USSN 60/022,341 filed on July 24, 1996; 
USSN 08/826,251 filed on March 27, 1997; 

WO 97/36898 (October 9, 1997); USSN 60/022,342 filed on July 24, 1996; 
USSN 08/825,293 filed on March 27, 1997; 

WO 97/36897 (October 9, 1997); USSN 60/022,558 filed on July 24, 1996; 
USSN 08/827,476, filed on March 27, 1997; 

WO 97/36874 (October 9, 1997); 

WO 97/36585 (October 9, 1997); USSN 60/022,586 filed on July 24, 1996; 
USSN 08/827,484, filed on March 27, 1997; 

WO 97/36890 (October 9, 1997); USSN 60/022,587 filed on July 24, 1996; 
USSN 08/831,105 filed on April 1, 1997; 

WO 97/36901 (October 9, 1997); USSN 60/022,647 filed on July 24, 1996; 
USSN 08/827,483, filed on March 27, 1997; 
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USSN 60/032,126 filed on December 5, 1996; USSN 08/985,732, filed on 
December 4, 1997; 

10 USSN 60/032,428 filed on December 5, 1996; USSN 08/985,124, filed on 

5 December 4, 1997; 

USSN 60/032,578 filed on December 5, 1996; USSN 08/985,337, filed on 
15 December 4, 1997; 

10 USSN 60/032,579 filed on December 5, 1996; USSN 08/985,320, filed on 
December 5, 1997; 

20 

USSN 60/033,990, filed on December 30, 1996; USSN 08/995,744, filed on 
December 22, 1997; 

15 

25 USSN 60/033,991, filed on December 30, 1996; USSN 08/985,124, filed on 

December 5, 1997; 

USSN 60/057,097, filed on August 27, 1997; USSN 09/140,919, filed on 
30 20 August 26, 1998; 

USSN 60/057,080, filed on August 27, 1997; USSN 09/140,584, filed on 
August 26, 1998; 

35 

25 USSN 60/062,660, filed on October 8, 1997; USSN 09/167,180, filed on 
October 6, 1998; 

M USSN 60/064,342, filed on October 17, 1997; USSN 08/ , filed on October 13, 

1998; 

30 

USSN 60/091,629, filed on July 2, 1998; 



45 



50 



USSN 60/091,596, filed on July 2, 1998; 
35 USSN 60/091,513, filed on July 2, 1998; 
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USSN 60/122,968, (Case 20288PV) filed on March 3, 1999; 

USSN 60/122,970, filed on March 3, 1999; 

USSN 60/122,768, filed on March 3, 1999; 

USSN 60/122,771, filed on March 3, 1999; and 

USSN 60/123,620, filed on March 3, 1999. 

PSA conjugates that are useful in the methods of the 
instant invention and are identified by the properties described 
hereinabove include: 

a) a compound represented by the formula EK: 




OH X L - oligopeptide - R 
IX 



wherein: 

oligopeptide is an oligopeptide which is specifically recognized by the free 
prostate specific antigen (PSA) and is capable of being 
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proteolytically cleaved by the enzymatic activity of the free prostate 
specific antigen; 

XL is absent or is an amino acid selected from: 



a) 


phenylalanine, 


b) 


leucine, 


c) 


valine, 


d) 


isoleucine, 


e) 


(2-naphthyl)alanine, 


0 


cyclohexylalanine, 


g) 


diphenylalanine, 


h) 


norvaline, and 


j) 


norleucine; 



R is hydrogen or -(C=0)R*; and 
R 1 is Cl-C6-alkyl or aryl, 

or the pharmaceutically acceptable salt thereof; 
b) a compound represented by the formula X: 
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wherein: 

oligopeptide is an oligopeptide which is specifically recognized by the free 
prostate specific antigen (PSA) and is capable of being 
proteolytically cleaved by the enzymatic activity of the free prostate 
specific antigen; 

Xl is absent or is an amino acid selected from: 



a) 


phenylalanine, 


b) 


leucine, 


c) 


valine, 


d) 


isoleucine, 


e) 


(2-naphthyl)alanine , 


fl 


cyclohexylalanine, 


g) 


diphenylalanine, 


h) 


norvaline, and 


J) 


norleucine; or 



XL is -NH-(CH2)n-NH- 
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R is hydrogen or -(C=0)R 1 ; 
R 1 is Ci-C6-alkyl or aryl; 

R 19 is hydrogen or acetyl; and 
n is 1, 2, 3, 4 or 5, 

or the pharmaceutical^ acceptable salt thereof; 
c) a compound represented by the formula XI: 
O 

^CH 2 OH 
"'OH 

CH 3 6 6 oh 5 
CH 3 - 




OH oligopeptid^—R 
XI C-terminus 



N-terminus 



wherein: 



oligopeptide is an oligopeptide which is selectively recognized by the free 
prostate specific antigen (PSA) and is capable of being 
proteolytically cleaved by the enzymatic activity of the free prostate 
specific antigen, wherein the oligopeptide comprises a cyclic 
amino acid of the formula: 
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and wherein 

the C-terminus carbonyl is covalently bound to the amine of 
doxorubicin; 

R is selected from 

a) hydrogen, 

b) -(C=0)Rla 
0 



d) 




0 o 

i 

R 1 and R 2 are independently selected from: hydrogen, OH, Cl-C6 alkyl, 
Cl-C6 alkoxy, Cl-C6 aralkyl and aryl; 

R la is Ci-C6-alkyl, hydroxylated aryl, polyhydroxylated aryl or aryl; 
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R is selected from HO- and C1-C6 alkoxy; 

6 

R is selected from hydrogen, halogen, C1-C6 alkyl, HO- and C1-C6 
alkoxy; and 



n is 1, 2, 3 or 4; 

p is zero or an integer between 1 and 100; 

q is 0 or 1, provided that if p is zero, q is 1; 

r is an integer between 1 and 10; and 

tis 3 or 4; 

or a pharmaceutical^ acceptable salt thereof; 

d) a compound represented by the formula X: 




XII X L - oligopeptide - R 



C-terminus 

wherein: 
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oligopeptide is an oligopeptide which is specifically recognized by the free 
prostate specific antigen (PSA) and is capable of being 
proteolyticaliy cleaved by the enzymatic activity of the free prostate 
specific antigen, and the oligopeptide comprises a cyclic amino 
acid of the formula: 

* °H 

Hz). 
R 6 

XL is -NH-(CH2)u-NH- 

R is selected from 

a) hydrogen, 

b) -(C=0)R la , 
c) 



d) 




O O 
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Rl and are independently selected from: hydrogen, OH, C1-C6 alkyl, 
C1-C6 alkoxy, C1-C6 aralkyl and aryl; 

R la is Cl-C6-alkyl, hydroxylated aryl, polyhydroxylated aryl or aryl, 

R 1 ^ is hydrogen, (C1-C3 alkyl)-CO, or chlorosubstituted (C1-C3 
alkyl)-CO; 



n is 1, 2, 3 or 4; 

p is zero or an integer between 1 and 100; 

q is 0 or 1, provided that if p is zero, q is 1; 

r is 1,2 or 3; 

t is 3 or 4; 

u is 1,2, 3, 4 or 5, 

or the pharmaceutical^ acceptable salt thereof; 

e) a compound represented by the formula XI: 




N-terminus 

wherein: 
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oligopeptide is an oligopeptide which is selectively recognized by the free 
prostate specific antigen (PSA) and is capable of being 
proteolytically cleaved by the enzymatic activity of the free prostate 
5 specific antigen, and wherein the C-terminus carbonyl is 

covalently bound to the amine of doxorubicin and the N-terminus 
amine is covalently bound to the carbonyl of the blocking group; 

R is selected from 
10 a) 




R 1 and R 2 are independently selected from: hydrogen, OH, C1-C6 alkyl, 

Cl-C6 alkoxy, Cl-C6 aralkyl and aryl; 
n is 1, 2, 3 or 4; 

p is zero or an integer between 1 and 100; 

20 q is 0 or 1, provided that if p is zero, q is 1; 

or the pharmaceutical^ acceptable salt thereof; 

f) a compound represented by the formula XIV: 

25 
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X L - oligopeptide - R 



wherein: 

oligopeptide is an oligopeptide which is specifically recognized by the free 
prostate specific antigen (PSA) and is capable of being 
proteolytically cleaved by the enzymatic activity of the free prostate 
specific antigen; 

Xl is -NH-(CH2)r-NH- 

R is selected from 
a) 
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R 1 and R 2 are independently selected from: hydrogen, OH, C1-C6 alkyl, 
C1-C6 alkoxy, C1-C6 aralkyl and aryl; 

R 1 ^ is hydrogen, (C1-C3 alkyl)-CO, or chlorosubstituted (C1-C3 
alkyl)-CO; 

n is 1, 2, 3 or 4; 

p is zero or an integer between 1 and 100; 

q is 0 or 1, provided that if p is zero, q is 1; 

r is 1, 2, 3, 4 or 5, 

or the pharmaceutical^ acceptable salt thereof; 
g) a compound represented by the formula XV: 




X L - ^oligopeptide - R 
C-terminus 



wherein: 

oligopeptide is an oligopeptide which is specifically recognized by the free 
prostate specific antigen (PSA) and is capable of being 
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proteolytically cleaved by the enzymatic activity of the free prostate 
specific antigen, 

XL is -NH-<CH2)u-W-(CH2)u-NH- 

R is selected from 

a) hydrogen, 

b) -(C=0)R la , 
0 



d) 




o o 

f) ethoxysquarate, and 

g) cotininyl; 

Rl and R 2 are independently selected from: hydrogen, OH, C1-C6 alkyl, 
C1-C6 alkoxy, C1-C6 aralkyl and aryl; 

R la is Cl-C6-alkyl, hydroxylated C3-C8-cycloalkyl, polyhydroxylated 

C3-C8-cycloalkyl, hydroxylated aryl, polyhydroxylated aryl or aryl; 

R 9 is hydrogen, (C1-C3 alkyl)-CO, or chlorosubstituted (C1-C3 alkyl)-CO; 
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W is selected from cyclopentyl, cyclohexyl, cycloheptyl or 
bicyclo[2.2.2]octanyl; 



n is 1, 2, 3 or 4; 

p is zero or an integer between 1 and 100; 

q is 0 or 1, provided that if p is zero, q is 1; 

r is 1, 2 or 3; 

t is 3 or 4; 

u is 0, 1, 2 or 3, 

or the pharmaceutical^ acceptable salt thereof; and 

h) a compound represented by the formula XVI: 




XVI H^C0 2 C x l ' ^oligopeptide - R 

C-terminus 

wherein: 

oligopeptide is an oligopeptide which is specifically recognized by the free 
prostate specific antigen (PSA) and is capable of being 
proteolytically cleaved by the enzymatic activity of the free prostate 
specific antigen, 
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XL is selected from: a bond, -C(0)-(CH2)u-W-(CH2)u-0- and 
-C(0)-(CH2)u-W-(CH2)u-NH-; 

R is selected from 




o o , 

15 f) ethoxysquarate, and 

g) cotininyl; 

R 1 and R2 are independently selected from: hydrogen, OH, Cl-C6 alkyl, 
Cl-C6 alkoxy, Cl-C6 aralkyl and aryl; 

20 

R la is Ci-Ce-alkyl, hydroxylated C3-C8-cycloalkyl } polyhydroxylated 

C3-C8-cycloalkyl, hydroxylated aryl, polyhydroxylated aryl or aryl; 

R 9 is hydrogen, (C1-C3 alkyl)-CO, or chlorosubstituted (C1-C3 alkyl)-CO; 

25 

W is selected from a branched or straight chain Ci-C6-alkyl, cyclopentyl, 
cyclohexyl, cycloheptyl or bicyclo[2.2.21octanyl; 
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n is 1, 2, 3 or 4; 

p is zero or an integer between 1 and 100; 

q is 0 or 1, provided that if p is zero, q is 1; 

r is 1, 2 or 3; 

t is . 3 or 4; 

u is 0, 1, 2 or 3; 



or the pharmaceutical^ acceptable salt or optical isomer thereof. 

Examples of compounds which are PSA conjugates include 
the following: 




OH X 
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wherein X is: 



AsnLyslleSerTyrGlnSer — 



(SEQ.ID.NO.: 14), 



AsnLyslleSerTyrGlnSerSer- 



(SEQ.ID.NO.: 15), 



AsnLyslleSerTyrGlnSerSerSer — 



<SEQ.ID.NO.:16), 



AsnLyslIeSerTyrGlnSerSerSerThr — 



(SEQ.ID.NO.:17), 



AsnLyslleSerTyrGlnSerSerSerThrGlu — (SEQ.ID.NO.: 18), 

AlaAsnLyslleSerTyrGlnSerSerSerThrGlu— (SEQ.ID.NO.:19), 
Ac — AlaAsnLyslleSerTyrGlnSerSerSerThr — (SEQ.ID.NO.: 20), 

Ac — AlaAsnLyslleSerTyrGlnSerSerSerThrLet*— (SEQ.ID.NO.: 21), 
Ac — AlaAsnLysAlaSerTyrGlnSerAlaSerThrLeu— (SEQ.ID.NO.: 22), 
Ac — AlaAsnLysAlaSerTyrGlnSerAlaSeiteu — (SEQ.ID.NO.: 23), 
Ac — AlaAsnLysAlaSerTyrGlnSerSerSerLeu — (SEQ.ID.NO.: 24), 
Ac — AlaAsnLysAlaSerTyrGlnSerSerLeu — (SEQ.ID.NO.: 25), 
Ac — SerTyrGlnSerSerSerLeu— (SEQ.ID.NO.: 26), 
Ac — hArgTyrGlnSerSerSerLeu — (SEQ.ID.NO.: 27). 

Ac — LysTyrGlnSerSerSerLeu — (SEQ.ID.NO.: 28), 
Ac — LysTyrGlnSerSerNle— (SEQ.ID.NO.: 29), 
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(SEQJD.NO.: 30), 

30 



35 



40 



45 



50 

- 125 - 



55 



WO 00/59930 



PCT/USOO/08762 




55 



WO 00/59930 



PCT/USOO/08762 



iii) 




r CH 2 OH 
""OH 



CH 3 0 0 OH o 



CH 3 ^^° 




3'^JH 
OH X 



wherein X is: 



HOl X 

^^^SerSerSerChgGlnSerLeu— ^- (SEQ.ID.NO.: 32), 
HO X 

^•^^ SerSeiChgGlnSerLeu — <j- (SEQ.ID.NO.: 33), 



H 3 C"°^^0'^^^' ^SerSerSerChgGlnSerLeu— $ 

(SEQ.ID.NO.: 34), 
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H J — AlaSerChgGlnSerLeu-^- (SEQ.ID.NO.: 37), 



V 



OH 

Ho 2 a p Q 



C ^ \F y — AlaSerChgGlnSerLeu-^- 



(SEQ.ID.NO.: 38), 



OH 



J J — AlaSerChgGlnSerLeu— \- (SEQ.ID.NO.: 39), 




OH 



OH 



' y — AiaSerChgGlnSerLeu-~<- 



(SEQ.ID.NO.: 40), 



OH 



p Q. 

HaC-\. 




AlaSerChgGlnSer\ 



(SEQ.ID.NO.:41), 



OH 



- 129 - 



WO 00/59930 



PCT/USOO/08762 




55 



WO 00/59930 



PCT/USOO/08762 



10 



15 



20 



25 



30 



35 



40 



45 




O^NH 



4-HypAlaSerChgGln-SerVal N H 

(SEQ.ID.NO.: 43), 

OH 




■""CH 2 CH 3 
OH 

C-terminus 



4-HypAlaSerChgGln-SerLeu — NH 2 
(SEQ.ID.NO.: 44), 



50 
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vii) 



10 



15 



20 




OH 



j n th 



H 



C0 2 CH 3 



CH 




Jul" 1 4 rCH 2 CH 3 
u p /OH ^O 

H 3 C i I 

CO 2 0H 3 i 



25 



wherein X is 



30 



H^T > 

Ac-4-trans-L-Hyp-Ser-Ser-Chg-Gln-Ser-Ser-N-^/ 



(SEQ.ID.NO.: 49) 



/ 



carbon terminus 



35 



40 



45 



Ac-4-trans-L-Hyp-Ser-Ser-Chg-Gln-Ser ' 



(SEQ.ID.NO.: 50) 



/ 



carbon terminus 



CH 3 O 
N X 

Ac-4-trans-L-Hyp-Ser-Ser-Chg-GIn-SerSer ^^f' 



(SEQ.ID.NO.: 51) 



/ 



carbon terminus 



10 



50 
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0* 

10 Ac-4-trans-L-Hyp-Ser-Ser-Chg-Gln-Ser-Ser-N- 

(SEQ.ID.NO, 52) ^ t ( rm inU3 



15 



20 



30 



35 



40 



o X 

(SEQ.ID.NO.: 53) carbon terminus 



, -OH 

Ac-4-trans-L-Hyp-Ser-Ser-Chg-Gln-Ser-Ser-l 

25 (SEQ.ID.NO.:54) terminus 

i 



Ac-Abu-Ser-Ser-Chg-Gln-Ser-N-^/ 
(SEQ.ID.NO.: 55) carbon 

terminus 



HO^ 

Abu-Ser-Ser-Chg-Gln-Ser-N^y 

(SEQ.ID.NO.: 56) . / 

v } carbon terminus 



jl_ 



45 



50 
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AcHN^A. H*T > 

10 j ^Ser-Ser-Chg-Gln-Ser-Ser-N^y 



20 



25 



40 



45 



50 




| 7 carbon terminus 

\^ 

, 5 (SEQ.ID.NO.: 57) 

o I 

Ac-4-trans-L-Hyp-Ser-Ser-Chg-Gln-Ser-Val ' y /■ 

/ CH 

(SEQ.ID.NO.: 58) carbon terminus " ' 

O 

Ac-4-trans-L-Hyp^er-Ser-Chg-Gln^er-Leu /0 ^^* 

/ CH 3 
(SEQ.ID.NO.: 59) carbon terminus 

30 5 or the pharmaceutically acceptable salt or optical isomer thereof. 

Compounds which are PSA conjugates and are therefore 
useful in the present invention, and methods of synthesis thereof, can be 
35 found in the following patents, pending applications and publications, 

10 which are herein incorporated by reference: 

US Pat. No. 5,599,686 granted on Feb. 4, 1997; 



WO 96/00503 (January 11, 1996); USSN 08/404,833 filed on March 15, 1995; 
15 USSN 08/468,161 filed on June 6, 1995; 

US Pat. No. 5,866,679 granted on Feb. 2, 1999; 

WO 98/10651 (March 19, 1998); USSN 08/926,412 filed on September 9, 
20 1997; 
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WO 98/18493 (May 7, 1998); US Pat. No. 5,948,750 granted on September 7, 
1999; 

USSN 09/112,656 filed on July 9, 1998; USSN 60/052,195 filed on July 10, 
1997; and 

USSN 09/193,365 filed on November 17, 1998; USSN 60/067,110 filed on 
December 2, 1997. 

Compounds which are described as prodrugs wherein the 
active therapeutic agent is release by the action of enzymatically active 
PSA and therefore may be useful in the present invention, and methods 
of synthesis thereof, can be found in the following patents, pending 
applications and publications, which are herein incorporated by 
reference: 

WO 98/52966 (November 26, 1998). 

All patents, publications and pending patent applications identified are 
hereby incorporated by reference. 

With respect to the compounds of formulas I-a through VI 
and VIIIA the following definitions apply: 

The term "alkyl" refers to a monovalent alkane 
(hydrocarbon) derived radical containing from 1 to 15 carbon atoms 
unless otherwise defined. It may be straight, branched or cyclic. 
Preferred straight or branched alkyl groups include methyl, ethyl, 
propyl, isopropyl, butyl and t-butyl. Preferred cycloalkyl groups include 
cyclopentyl and cyclohexyl. 

When substituted alkyl is present, this refers to a straight, 
branched or cyclic alkyl group as defined above, substituted with 1-3 
groups as defined with respect to each variable. 

Heteroalkyl refers to an alkyl group having from 2-15 
carbon atoms, and interrupted by from 1-4 heteroatoms selected from O, 
Sand N. 
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The term "alkenyl" refers to a hydrocarbon radical 
straight, branched or cyclic containing from 2 to 15 carbon atoms and at 
least one carbon to carbon double bond. Preferably one carbon to carbon 
double bond is present, and up to four non-aromatic (non-resonating) 
5 carbon-carbon double bonds may be present. Examples of alkenyl 
groups include vinyl, allyl, isopropenyl, pentenyl, hexenyl, heptenyl, 
cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclohexenyl, 1-propenyl, 2- 
butenyl, 2-methyl-2-butenyl, isoprenyl, farnesyl, geranyl, 
geranylgeranyl and the like. Preferred alkenyl groups include ethenyl, 

10 propenyl, butenyl and cyclohexenyl. As described above with respect to 
alkyl, the straight, branched or cyclic portion of the alkenyl group may 
contain double bonds and may be substituted when a substituted alkenyl 
group is provided. 

The term "alkynyl" refers to a hydrocarbon radical 

15 straight, branched or cyclic, containing from 2 to 15 carbon atoms and 
at least one carbon to carbon triple bond. Up to three carbon-carbon 
triple bonds may be present. Preferred alkynyl groups include ethynyl, 
propynyl and butynyl. As described above with respect to alkyl, the 
straight, branched or cyclic portion of the alkynyl group may contain 

20 triple bonds and may be substituted when a substituted alkynyl group is 
provided. 

Aryl refers to aromatic rings e.g., phenyl, substituted 
phenyl and like groups as well as rings which are fused, e.g., naphthyl 
and the like. Aryl thus contains at least one ring having at least 6 

25 atoms, with up to two such rings being present, containing up to 10 
atoms therein, with alternating (resonating) double bonds between 
adjacent carbon atoms. The preferred aryl groups are phenyl and 
naphthyl. Aryl groups may likewise be substituted as defined below. 
Preferred substituted aryls include phenyl and naphthyl substituted 

30 with one or two groups. With regard to the farnesyi transferase 

inhibitors, "aryl" is intended to include any stable monocyclic, bicyclic 
or tricyclic carbon ring(s) of up to 7 members in each ring, wherein at 
least one ring is aromatic. Examples of aryl groups include phenyl, 
naphthyl, anthracenyl, biphenyl, tetrahydronaphthyl, indanyl, 

35 phenanthrenyl and the like. 
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The term "heteroaryl" refers to a monocyclic aromatic 
hydrocarbon group having 5 or 6 ring atoms, or a bicyclic aromatic 
group having 8 to 10 atoms, containing at least one heteroatom, O, S or 
N, in which a carbon or nitrogen atom is the point of attachment, and in 
5 which one additional carbon atom is optionally replaced by a heteroatom 
selected from O or S, and in which from 1 to 3 additional carbon atoms 
are optionally replaced by nitrogen heteroatoms. The heteroaryl group 
15 is optionally substituted with up to three groups. 

Heteroaryl thus includes aromatic and partially aromatic 
10 groups which contain one or more heteroatoms. Examples of this type 
are thiophene, purine, imidazopyridine, pyridine, oxazole, thiazole, 
20 oxazine, pyrazole, tetrazole, imidazole, pyridine, pyrimidine, pyrazine 

and triazine. Examples of partially aromatic groups are tetrahydro- 
imidazo[4,5-c] pyridine, phthalidyl and saccharinyl, as defined below. 
15 With regard to the farnesyl transferase inhibitors, the term 

25 heterocycle or heterocyclic, as used herein, represents a stable 5- to 7- 

membered monocyclic or stable 8- to 11-membered bicyclic or stable 11- 
15 membered tricyclic heterocycle ring which is either saturated or 
unsaturated, and which consists of carbon atoms and from one to four 
30 20 heteroatoms selected from the group consisting of N, O, and S, and 

including any bicyclic group in which any of the above-defined hetero- 
cyclic rings is fused to a benzene ring. The heterocyclic ring may be 
attached at any heteroatom or carbon atom which results in the 
35 creation of a stable structure. Examples of such heterocyclic elements 

25 include, but are not limited to, azepinyl, benzimidazolyl, benzisoxazolyl, 
benzofurazanyl, benzopyranyl, benzothiopyranyl, benzofuryl, 
benzothiazolyl, benzothienyl, benzoxazolyl, chromanyl, cinnolinyl, 
40 dihydrobenzofuryl, dihydro-benzothienyl, dihydrobenzothiopyranyl, 

dihydrobenzothio-pyranyl sulfone, furyl, imidazolidinyl, imidazolinyl, 
30 imidazolyl, indolinyl, indolyl, isochromanyl, isoindolinyl, isoquinolinyl, 
isothiazolidinyl, isothiazolyl, isothiazolidinyl, morpholinyl, 
45 naphthyridinyl, oxadiazolyl, 2-oxoazepinyl, 2-oxopiperazinyl, 2- 

oxopiperidinyl, 2-oxopyrrolidinyl, piperidyl, piperazinyl, pyridyl, pyridyl 
N-oxide, pyridonyl, pyrazinyl, pyrazolidinyl, pyrazolyl, pyrimidinyl, 
35 pyrrolidinyl, pyrrolyl, quinazolinyl, quinolinyl, quinolinyl N-oxide, 



50 
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quinoxalinyl, tetrahydrofuryl, tetrahydroisoquinolinyl, tetrahydro- 
quinolinyl, thiamorpholinyl, thiamorpholinyl sulfoxide, thiazolyl, 
thiazolinyl, thienofuryl, thienothienyl, and thienyl. Preferably, 
heterocycle is selected from imidazolyl, 2-oxopyrrolidinyl, piperidyl, 
5 pyridyl and pyrrolidinyl. 

With regard to the farnesyl transferase inhibitors, the terms 
"substituted aryl", "substituted heterocycle" and "substituted 
cycloalkyl" are intended to include the cyclic group which is substituted 
with 1 or 2 substitutents selected from the group which includes but is 



10 not limited to F, CI, Br, CF3, NH2, N(Ci-C6 alkyl)2, N02, CN, (C1-C6 
alkyl)0-, -OH, (C1-C6 alkyDSCOW, (C1-C6 alkyl)C(0)NH-, H2N-C(NH)-, 
(C1-C6 alkyl)C(O)-, (C1-C6 alkyl)OC(O)-, N3XC1-C6 alkyl)OC(0)NH- and 
C1-C20 alkyl. 



15 moieties are formed. Examples of such cyclic moieties include, but are 
not limited to: 



In addition, such cyclic moieties may optionally include a 
heteroatom(s). Examples of such heteroatom-containing cyclic moieties 
20 include, but are not limited to: 



When R 2 and R3 are combined to form -(CH2)u-i cyclic 






°0 COR- 

The term C4-C6 cycloalkyl in the definition of Rlc wherein 
two Rlc s are combined is illustrated by the following: 
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o o o 

The term C6-C10 "multicyclic alkyl ring" in the definition of Rlc 
wherein two Rlcs are combined is intended to include polycyclic 
saturated and unsaturated aliphatic hydrocarbon groups having the 
specified number of carbon atoms. Examples of such cycloalkyl groups 
includes, but are not limited to: 
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^ <S^ 06 ^ 
CD 00 cA<A 

The compounds used in the present method may have 
asymmetric centers and occur as racemates, racemic mixtures, and as 
individual diastereomers, with all possible isomers, including optical 
isomers, being included in the present invention. Unless otherwise 
specified, named amino acids are understood to have the natural "L" 
stereoconfiguration. 
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With respect to the farnesyl-protein transferase inhibitors of 
the formula II, the substituent illustrated by the structure: 

,v© 

represents a 4, 5, 6 or 7 membered heterocyclic ring which comprises a 
5 nitrogen atom through which Q is attached to Y and 0-2 additional 
heteroatoms selected from N, S and O, and which also comprises a 
carbonyl, thiocarbonyl, -C(=NR* 3 )- or sulfonyl moiety adjacent to the 
nitrogen atom attached to Y and includes the following ring systems: 







0 
























0 





It is understood that such rings may be substituted by R 6a , R 6b , R 6c , R^d 
15 and/or R^e as defined hereinabove. 
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With respect to the farnesyl-protein transferase inhibitors of 
the formula II, the moiety described as 




where any two of R^a, R6b ? r6c R6d R6e on adjacent carbon atoms 
are combined to form a diradical selected from -CH=CH-CH=CH, 
-CH=CH-CH-, -(CH2)4- and -(CH2)4- includes, but is not limited to, the 
following structures: 




O 



It is understood that such fused ring moieties may be further substituted 
by the remaining R 6a , R 6b , R 6c , R 6d and/or R 6e as defined hereinabove. 

With respect to the farnesyl-protein transferase inhibitors of 
the formula II, the substituent illustrated by the structure: 
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represents a 5, 6 or 7 membered carbocyclic ring wherein from 0 to 3 
carbon atoms are replaced by a heteroatom selected from N, S and O, 
and wherein Y is attached to Q through a carbon atom and includes the 



following ring systems: 
















fl x 1 


IS 


























H 
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With respect to the farnesyl-protein transferase inhibitors of 
the formula III, the substituent illustrated by the structure: 




represents a 4, 5, 6 or 7 membered heterocyclic ring which comprises a 
nitrogen atom through which Q is attached to Y and 0-2 additional 
heteroatoms selected from N, S and O, and which also comprises a 
carbonyl, thiocarbonyl, -C(=NR 13 )- or sulfonyl moiety adjacent to the 
nitrogen atom attached to Y and includes the following .ring systems: 




O O 
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With respect to the farnesyl-protein transferase inhibitors of 
the formula III, the substituent illustrated by the structure: 




represents a 5-, 6- or 7-membered carbocyclic ring wherein from 0 to 3 
carbon atoms are replaced by a heteroatom selected from N, S and O, 
and wherein Y is attached to Q through a carbon atom and includes the 
following ring systems: 
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With respect to the farnesyl-protein transferase inhibitors of 
the formula III, the moiety described as 




where any two of R 6a , R 6b , R 6c , R& d and R6e on adjacent carbon atoms 
are combined to form a diradical selected from -CH=CH-CH=CH, 
-CH=CH-CH-, -(CH2)4- and -(CH2)4- includes, but is not limited to, the 
following structures: 




It is understood that such fused ring moieties may be further substituted 
by the remaining R^a, R6b ft6c f R6d and/or R6e as defined hereinabove. 
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When R 2 and R^ are combined to form -(CH2)u-» cyclic 
moieties are formed. Examples of such cyclic moieties include, but are 
not limited to: 



In addition, such cyclic moieties may optionally include a 
heteroatom(s). Examples of such heteroatom-containing cyclic moieties 
include, but are not limited to: 



When R6 and R? R? and R?a 

or are combined to form 
-(CH2)u-, cyclic moieties are formed. Examples of such cyclic moieties 
include, but are not limited to: 



With respect to the compounds of formulas VII through 
XIV the following definitions apply: 

As used herein, "alkyl" and the alkyl portion of aralkyl and 
similar terms, is intended to include both branched and straight-chain 
saturated aliphatic hydrocarbon groups having the specified number of 
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carbon atoms; "alkoxy" represents an alkyl group of indicated number of 
carbon atoms attached through an oxygen bridge. 

As used herein, "cycloalkyl" is intended to include non- 
aromatic cyclic hydrocarbon groups having the specified number of 
5 carbon atoms. Examples of cycloalkyl groups include cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl and the like. 

"Halogen" or "halo" as used herein means fluoro, chloro, 
bromo and iodo. 

As used herein, "aryl," and the aryl portion of aralkyl and 
10 aroyl, is intended to mean any stable monocyclic or bicyclic carbon ring 
of up to 7 members in each ring, wherein at least one ring is aromatic. 
Examples of such aryl elements include phenyl, naphthyl, tetrahydro- 
naphthyl, indanyl, biphenyl, phenanthryl, anthryl or acenaphthyl. 

As used herein, the term "hydroxy lated" represents 
15 substitution on a substitutable carbon of the ring system being so 
described by a hydroxyl moiety. As used herein, the term "poly- 
hydroxylated" represents substitution on two or more substitutable 
carbon of the ring system being so described by 2, 3 or 4 hydroxyl 
moieties. 

20 As used herein, the term "chlorosubstituted Cj^-alkyl- 

CO-" represents a acyl moiety having the designated number of carbon 
atoms attached to a carbonyl moiety wherein one of the carbon atoms is 
substituted with a chlorine. Example of such chlorosubstituted elements 
include but are not limited to chloroacetyl, 2-chloropropionyl, 3- 

25 chloropropionyl and 2-chlorobutyroyl. 

As used herein, the term "PEG" represents certain 
polyethylene glycol containing substituents having the designated 
number of ethyleneoxy subunits. Thus the term PEGK2) represents 




30 O 
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10 



and the term PEGK6) represents 
H 3 C 




15 



20 



5 As used herein, the term M (d)(2,3-dihydroxypropionyl) M 

represents the following structure: 



OH 



HO 




25 



30 



35 



40 



45 



10 As used herein, the term "(2R,3S) 2,3,4-trihydroxybutanoyl" 

represents the following structure: 




15 As used herein, the term "quinyl" represents the following 

structure: 



HO, 



'CP 

HO* y 
OH 



20 or the diastereomer thereof. 
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As used herein, the term "cotininyl" represents the 
following structure: 



h 3 c- n ; V> S 



or the diastereomer thereof. 

As used herein, the term "gallyl" represents the following 

structure: 



OH 



As used herein, the term "i-ethoxysquarate" represents the 
following structure: 



EtO x 



X 



The structure 
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represents a cyclic amine moiety having 5 or 6 members in the ring, 
such a cyclic amine which may be optionally fused to a phenyl or 
cyclohexyl ring. Examples of such a cyclic amine moiety include, but 
are not limited to, the following specific structures: 



5 




The pharmaceutically acceptable salts of the compounds of 
this invention include the conventional non-toxic salts of the compounds 
of this invention as formed, e.g., from non-toxic inorganic or organic 
acids. For example, such conventional non-toxic salts include those 

10 derived from inorganic acids such as hydrochloric, hydrobromic, 
sulfuric, sulfamic, phosphoric, nitric and the like: and the salts 
prepared from organic acids such as acetic, propionic, succinic, 
glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, pamoic, maleic, 
hydroxymaleic, phenyl-acetic, glutamic, benzoic, salicylic, sulfanilic, 

15 2-acetoxy-benzoic, fumaric, toluenesulfonic, methanesulfonic, ethane 
disulfonic, oxalic, isethionic, trifluoroacetic and the like. 

It is intended that the definition of any substituent or 
variable (e.g., RlO, Z, n, etc.) at a particular location in a molecule be 
independent of its definitions elsewhere in that molecule. Thus, 

20 -N(R10)2 represents -NHH, -NHCH3, -NHC2H5, etc. It is understood 

that substituents and substitution patterns on the compounds of the 
instant invention can be selected by one of ordinary skill in the art to 
provide compounds that are chemically stable and that can be readily 
synthesized by techniques known in the art as well as those methods set 
25 forth below. 

The pharmaceutically acceptable salts of the compounds of 
this invention can be synthesized from the compounds of this invention 
which contain a basic moiety by conventional chemical methods. 
Generally, the salts are prepared by reacting the free base with 

30 
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stoichiometric amounts or with an excess of the desired salt-forming 
inorganic or organic acid in a suitable solvent or various combinations of 
sol vents. available N a -Z-L-2,3-diaminopropionic acid (Fluka) as a 

starting material is preferred. 

Abbreviations used in the description of the chemistry and 
in the Examples that follow are: 



Ac20 Acetic anhydride; 

Boc t-Butoxycarbonyl; 

DBU l,8-diazabicyclo[5.4.0]undec-7-ene; 

DMAP 4-Dimethylaminopyridine; 

DME 1 ,2-Dimethoxye thane ; 

DMF Dimethylformamide; 

EDC l-(3-dimethylarninopropyl)-3-ethyl-carbodiimide- 

hydrochloride; 

HOBT 1-Hydroxybenzotriazole hydrate; 

Et3N Triethylamine; 

EtOAc Ethyl acetate; 

FAB Fast atom bombardment; 

HOOBT 3-Hydroxy-l,2,2-benzotriazin-4(3tf)-one; 

HPLC High-performance liquid chromatography; 

MCPBA m-Chloroperoxybenzoic acid; 

MsCl Methanesulfonyl chloride; 

NaHMDS Sodium bis(trimethylsilyl)amide; 

Py Pyridine; 

TFA Trifluoroacetic acid; 

THF Tetrahydrofuran. 



The compounds are useful in various pharmaceutically 
acceptable salt forms. The term "pharmaceutically acceptable salt" 
refers to those salt forms which would be apparent to the pharma- 
ceutical chemist, i.e., those which are substantially non-toxic and which 
provide the desired pharmacokinetic properties, palatability, absorption, 
distribution, metabolism or excretion. Other factors, more practical in 
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nature, which are also important in the selection, are cost of the raw 
materials, ease of crystallization, yield, stability, hygroscopicity and 
flowability of the resulting bulk drug. Conveniently, pharmaceutical 
compositions may be prepared from the active ingredients in 
5 combination with pharmaceutically acceptable carriers. 

Pharmaceutically acceptable salts include conventional 
non-toxic salts or quarternary ammonium salts formed, e.g., from 
non-toxic inorganic or organic acids. Non-toxic salts include those 
derived from inorganic acids such as hydrochloric, hydrobromic, 

10 sulfuric, sulfamic, phosphoric, nitric and the like; and the salts 
prepared from organic acids such as acetic, propionic, . succinic, 
glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, pamoic, 
sulfanilic, 2-acetoxybenzoic, fumaric, toluenesulfonic, methane- 
sulfonic, ethane disulfonic, oxalic, isethionic, trifluoroacetic and the 

15 like. 

The pharmaceutically acceptable salts of the present 
invention can be synthesized by conventional chemical methods. 
Generally, the salts are prepared by reacting the free base or acid 
with stoichiometric amounts or with an excess of the desired salt- 

20 forming inorganic or organic acid or base, in a suitable solvent or 
solvent combination. 

The farnesyl transferase inhibitors of formula (I-a) through 
(I-c) can be synthesized in accordance with Schemes 1-16, in addition to 
other standard manipulations such as ester hydrolysis, cleavage of 

25 protecting groups, etc., as may be known in the literature or exemplified 
in the experimental procedures. These Schemes and other Schemes 
that illustrate reactions that may be useful in the preparation of 
inhibitors of formulae (I-a) through (I-c) are disclosed in U.S. Pat. No. 
5,856,326, which is hereby incorporated by reference. 

30 Substituents R, R a and R^, as shown in the Schemes, 

represent the substituents R^, R^, R^, and R^J however their point of 
attachment to the ring is illustrative only and is not meant to be limiting. 
The compounds referred to in the Synopsis of Schemes 1-16 by Roman 
numerals are numbered starting sequentially with I and ending with 

35 45. 
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These reactions may be employed in a linear sequence to 
provide the compounds of the invention or they may be used to synthesize 
fragments which are subsequently joined by the alkylation reactions 
described in the Schemes. 

5 

Synopsis of Schemes, 3,-16; 

The requisite intermediates are in some cases 
commercially available, or can be prepared according to literature 
procedures, for the most part. In Scheme 1, for example, the synthesis 

10 of 2-alkyl sub-stituted piperazines is outlined, and is essentially that 
described by J. S. Kiely and S. R. Priebe in Organic Preparations and 
Proceedings Int. . 1990, 22> 761-768. Boc-protected amino acids I, 
available commerciaDy or by procedures known to those skilled in the 
art, can be coupled to N-benzyl amino acid esters using a variety of 

15 dehydrating agents such as DCC (dicyclohexycarbodiimide) or EDC-HC1 
(l-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride) in a 
solvent such as methylene chloride , chloroform, dichloroethane, or in 
dimethylformamide. The product II is then deprotected with acid, for 
example hydrogen chloride in chloroform or ethyl acetate", or 

20 trifluoroacetic acid in methylene chloride, and cyclized under weakly 
basic conditions to give the diketopiperazine III. Reduction of III with 
lithium aluminum hydride in refluxing ether gives the piperazine IV, 
which is protected as the Boc derivative V. The N-benzyl group can be 
cleaved under standard conditions of hydrogenation, e.g., 10% 

25 palladium on carbon at 60 psi hydrogen on a Parr apparatus for 24-48 h. 
The product VI can be treated with an acid chloride, or a carboxylic acid 
under standard dehydrating conditions to furnish the carboxamides 
VII; a final acid deprotection as previously described gives the 
intermediate VIII (Scheme 2). 

30 The protected piperazine intermediate VII can be 

reductively alkylated with other aldehydes such as l-trityl-4-imidazolyl- 
carboxaldehyde or l-trityl-4-imidazolylacetaldehyde, to give products 
such as IX (Scheme 3). The trityl protecting group can be removed from 
IX to give X, or alternatively, IX can first be treated with an alkyl halide 

35 then subsequently deprotected to give the alkylated imidazole XI. 
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10 



Alternatively, the intermediate VTII can be acylated or sulfonylated by 
standard techniques. As shown in Scheme 4, the imidazole acetic acid 
XII can be converted to the acetate XIV by standard procedures, and 
XTV can be first reacted with an alkyl halide, then treated with refluxing 
5 methanol to provide the regiospecifically alkylated imidazole acetic acid 
ester XV. Hydrolysis and reaction with piperazine VIII in the presence 
of condensing reagents such as l-(3-dimethylaminopropyl)-3- 
15 ethylcarbodiimide (EDC) leads to acylated products such as XVII. 

Depending on the identity of the amino acid I, various side 
10 chains can be incorporated into the piperazine. For example when I is 
the Boc-protected P-benzyl ester of aspartic acid, the intermediate 
20 diketopiperazine XVIII where n=l and R=benzyl is obtained, as shown 

in Scheme 5. Subsequent lithium aluminum hydride reduction reduces 
the ester to the alcohol XIX, which can then be reacted with a variety of 
15 alkylating agents such as an alkyl iodide, under basic conditions, for 
25 example, sodium hydride in dimethylformamide or tetrahydrofuran. 

The resulting ether XX can then be carried on to final products as 
described in Schemes 3-4. 

N-Aryl piperazines can be prepared as described in Scheme 
30 20 6. An aryl amine XXI is reacted with bis -chloroethyl amine hydro- 

chloride (XXII) in refluxing n -butanol to furnish compounds XXIII. 
The resulting piperazines XXIII can then be carried on to final products 
as described in Schemes 3-4. 
35 Piper azin-5-ones can be prepared as shown in Scheme 7. 

25 Reductive amination of Boc-protected amino aldehyde XXTV (prepared 
from I as described previously) gives rise to compound XXV. This is then 
reacted with bromoacetyl bromide under Schotten-Baumann conditions; 
40 ring closure is effected with a base such as sodium hydride in a polar 

aprotic solvent such as dimethylformamide to give XXVI. The 
30 carbamate protecting group is removed under acidic conditions such as 
trifluoroacetic acid in methylene chloride, or hydrogen chloride gas in 
methanol or ethyl acetate, and the resulting piperazine can then be 
carried on to final products as described in Schemes 3-4. 

The isomeric piperazin-3-ones can be prepared as described 
35 in Scheme 8. The imine formed from arylcarboxamides XXVII and 2- 
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aminoglycinal diethyl acetal (XXVIII) can be reduced under a variety of 
conditions, including sodium triacetoxyborohydride in dichloroethane, 
to give the amine XXIX. Amino acids I can be coupled to amines XXIX 
under standard conditions, and the resulting amide XXX when treated 
with aqueous acid in tetrahydrofuran can cyclize to the unsaturated 
XXXI. Catalytic hydrogenation under standard conditions gives the 
requisite intermediate XXXII, which is elaborated to final products as 
described in Schemes 3-4. 

Access to alternatively substituted piperazines is described 
in Scheme 9. Following deprotection with trifluoroacetic acid, the N- 
benzyl piperazine V can be acylated with an aryl carboxylic acid. The 
resulting N-benzyl aryl carboxamide XXXIII can be hydrogenated in the 
presence of a catalyst to give the piperazine carboxamide XXXTV which 
can then be carried on to final products as described in Schemes 3-4. 

The aldehyde XXIV from Scheme 7 can also be reductively 
alkylated with an aniline as shown in Scheme 10. The product XXXV 
can be converted to a piperazinone by acylation with chloroacetyl 
chloride to give XXXVI, followed by base-induced cyclization to XXXVIL 
Deprotection, followed by reductive alkylation with a protected imidazole 
carboxaldehyde leads to XXXVIII, which can be alkylation with an 
arylmethylhalide to give the imidazolium salt IXL. Final removal of 
protecting groups by either solvolysis with a lower alkyl alcohol, such as 
methanol, or treatment with triethylsilane in methylene chloride in the 
presence of trifluoroacetic acid gives the final product XL. 

Scheme 11 illustrates the use of an optionally substituted 
homoserine lactone XLI to prepare a Boc-protected piperazinone XLII. 
Intermediate XLII may be deprotected and reductively alkylated or 
acylated as illustrated in the previous Schemes. Alternatively, the 
hydroxyl moiety of intermediate XLII may be mesylated and displaced by 
a suitable nucleophile, such as the sodium salt of ethane thiol, to provide 
an intermediate XLIII. Intermediate XLII may also be oxidized to 
provide the carboxylic acid on intermediate XLIV, which can be utilized 
form an ester or amide moiety. 

Amino acids of the general formula XLVT which have a 
sidechain not found in natural amino acids may be prepared by the 
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reactions illustrated in Scheme 12 starting with the readily prepared 
imine XLV. 

Schemes 13-16 illustrate syntheses of suitably substituted 
aldehydes useful in the syntheses of the instant compounds wherein the 
variable W is present as a pyridyl moiety. Similar synthetic strategies 
for preparing alkanols that incorporate other heterocyclic moieties for 
variable W are also well known in the art. 
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SCHEME 1 
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SCHEME 2 
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SCHEME 3 




NaBH(OAc) 3 
\ Et 3 N , CICH2CH 2 CI 

(CH 2 ) n CHO 



CF 3 C0 2 H, CH 2 C1 2 
(C 2 H 5 ) 3 SiH 




1) Ar CH 2 X, CH3CN 

2) CF 3 C0 2 H, CH 2 CI 2 
(C 2 H 5 ) 3 SiH 




- 163 - 



WO 00/59930 



PCT/USOO/08762 



SCHEME 4 



f , XH 2 C0 2 H CH 2 C0 2 CH 3 

CH3OH l jFj 

\\ HCI N . HC| 

XII xm 

_^CH 2 C0 2 CH 3 1) ArCH 2 X CH 3 CN 

(C 6 H 5 ) 3 CBr^ reflux 



(C 2 H5) 3 N 2) CH 3 OH, reflux 

DMF }r 
XIV 



Ar^\ _/CH 2 C0 2 CH 3 Ar^\ _.CH 2 C0 2 H 

£5 2.5NHCl a O 

N ^ N 

xv 55 ° C XVI 
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SCHEME 7 



° N T CH3NHOCH3 • HCI H o 

H o 



EDC . HCI, HOBT 
DMF, Et 3 N, pH 7 



ArCH 2 NH 2 



1 ah Ft n 0 N n NaBH(OAc) 3 

LAH ' Et2 ° H g CICH 2 CH 2 CI 



XXIV 



pH6 



. / 9 X 1)BrCH 2 COBr 

N^^ NHCH2Ar EtOAc, H 2 Q, NaHCQ 3 

H 2) NaH, THF, DMF 
XXV 



^ 1)TFA,CH 2 CI 2 ^ 

O O 



XXVI 
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ArCHO + NH 2 CH2CH(OC 2 H 5 )2 

xxvii XXVII |, 



SCHEME g 

NaBH(OAc) 3 



ArCH 2 NHCH 2 CH(OC 2 H 5 ) 2 
XXIX 

,Ar 



9 ? a 



i h & 

EDO . HCI, HOBT 
DMF, Et 3 N, pH 7 



/ O R a f 6N HCI 

>^0 A N-V N ^ CH( ° C2H5)2 
H O 
XXX 



R a O 

Q ^ ^ H 2 10%Pd/C 



XXXI 



R a O 
XXXII 
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S CH EME 9 



R b 

v 1)CF 3 CQ 2 H, CH 2 CI 2| >-l/NH 
2)NaHC0 3 /=/ V- J 
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ArC0 2 H t — N N — ^ 




EDC HCI / \ pi 

HOBT, DMF V/ XXX||| 



R b 

10%Pd/C . HN^N-f 
H 2 CH3OH W Ar 

R a 

XXXIV 
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SCHEMA IQ 



JL ArNH 2 X J*^ 

BocNH^CHO ~ — f - BocNl-i^ ^Ar 

NaBH(OAc) 3 

CICH 2 CH 2 CI 

XXIV XXXV 



R 

^ BocNH N-Ar 



EtOAc / H 2 0 



NaHC0 3 C ' 0 

XXXVI 



R 

NaH HCI 

BocN N-Ar 

DMF \-y EtOAc 

O 

XXXVII 
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SCHEME 10 (continued) 



HCIHI 



ArCH 2 X 



CH 3 CN 



CHO 
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SCHEME 11 (continued) 



HO sub 

Boo \_^~ At 
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SCHEME 16 




The farnesyl transferase inhibitors of formula (II) can be 
synthesized in accordance with Schemes 17-22, in addition to other 
standard manipulations such as ester hydrolysis, cleavage of protecting 
groups, etc., as may be known in the literature or exemplified in the 
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experimental procedures. These Schemes and other Schemes that 
illustrate reactions that may be useful in the preparation of inhibitors of 
formula II are disclosed in PCT Publication No. WO 98/29119 (July 
10 9,1998), which is hereby incorporated by reference. 

5 Substituents R 3 , r6 and R 8 , as shown in the Schemes, 

represent the substituents R3, R4 r5, R6a ? R6b r6c > R6d R6e and R 8 as 
described for formula II; although only one such R 3 , R 6 or R 8 is present 
* 5 in the intermediates and products of the schemes, it is understood that 

the reactions shown are also applicable when such aryl or heterocyclic 
10 moieties contain multiple substituents. The compounds referred to in 
the Synopsis of Schemes 17-22 by numerals are numbered starting 
20 sequentially with 1 and ending with 16. 

These reactions may be employed in a linear sequence to 
provide the compounds of the invention or they may be used to synthesize 
15 fragments which are subsequently joined by the alkylation reactions 
25 described in the Schemes. Aryl-aryl coupling is generally described in 

"Comprehensive Organic Functional Group Transformations," 
Katritsky et al. eds., pp 472-473, Pergamon Press (1995). 



30 20 Synopsis of Schemes 17-22: 

The requisite intermediates are in some cases 
commercially available, or can be prepared according to literature 
procedures. Schemes 17-22 illustrate synthesis of the instant bicyclic 
35 compounds which incorporate a preferred benzylimidazolyl side 

25 chain. Thus, in Scheme 17, for example, a bicyclic intermediate that 
is not commercially available may be synthesized by methods known 
in the art. Thus, a suitably substituted pyridinone 1 may be reacted 
under coupling conditions with a suitably substituted iodobenzyl 
alcohol to provide the intermediate alcohol 2. The intermediate 
30 alcohol 2 may converted to the corresponding bromide 3. The bromide 
3 may be coupled to a suitably substituted benzylimidazolyl 4 to 
provide, after deprotection, the instant compound 5. 

Schemes 18-20 illustrate methods of synthesizing related 
or analogous key alcohol intermediates, which can then be processed 
35 as described in Scheme 17. Thus, Scheme 18 illustrates pyridinonyl- 
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pyridyl alcohol forming reactions starting with the suitably 
substituted iodonicotinate 6. 

Scheme 19 illustrates preparation of the intermediate 
alcohol 9 wherein the terminal lactam ring is saturated. Acylation of 
5 a suitably substituted 4-aminobenzyl alcohol 7 with a suitably 
substituted brominated acyl chloride provides the bisacylated 
intermediate 8. Closure of the lactam ring followed by saponifiaction 
15 of the remaining acyl group provides the intermediate alcohol. 

Preparation of the homologous saturated lactam 10 is illustrated in 
10 Scheme 20. 

Scheme 21 illustrates synthesis of an instant compound 
20 wherein a non-hydrogen r9° { s incorporated in the instant 

compound. Thus, a readily available 4-substituted imidazole 11 may 
be selectively iodinated to provide the 5-iodoimidazole 12. That 
15 imidazole may then be protected and coupled to a suitably substituted 
25 benzyl moiety to provide intermediate 13. Intermediate 13 can then 

undergo the alkylation reactions that were described hereinabove. 

Compounds of the instant invention wherein the 
Al(CRl2)nA2(CR^2)n linker is a substituted methylene may be 
30 20 synthesized by the methods shown in Scheme 22. Thus, the N- 

protected imidazolyl iodide 14 is reacted, under Grignard conditions 
with a suitably protected benzaldehyde to provide the alcohol 15. 
Acylation, followed by the alkylation procedure illustrated in the 
35 Schemes above (in particular, Scheme 17) provides the instant 

25 compound 16. If other R* substituents are desired, the acetyl moiety 
can be manipulated as illustrated in the Scheme. 

Other suitably substituted aldehydes such as those 
40 described in Schemes 13-16 hereinabove may be utilized in the 

syntheses of the instant compounds of the formula II. Similar 
30 synthetic strategies for preparing alkanols that incorporate other 
heterocyclic moieties for variable W are also well known in the art. 
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SCHEME 22 (continued) 




The farnesyl transferase inhibitors of formula (III) can be 
synthesized in accordance with Schemes 23-24, in addition to other 
standard manipulations such as ester hydrolysis, cleavage of protecting 
groups, etc., as may be known in the literature or exemplified in the 
experimental procedures. These Schemes and other Schemes that 
illustrate reactions that may be useful in the preparation of inhibitors of 
formula III are disclosed in PCT Publication No. WO 98/28980 (July 9, 
1998), which is hereby incorporated by reference. 
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Substituents R3, R6 an( i r8 > as shown in the Schemes, 
represent the substituents R 3 , R 4 , R^ ffi a , R$ h , R 6c , R6d R6e an d r8 
as described for formula III; although only one such R 3 , R6 or R^ is 
present in the intermediates and products of the schemes, it is 
understood that the reactions shown are also applicable when such 
aryl or heterocyclic moieties contain multiple substituents. The 
compounds referred to in the Synopsis of Schemes 23-24 by numerals 
are numbered starting sequentially with 17 and ending with 22. 

These reactions may be employed in a linear sequence to 
provide the compounds of the invention or they may be used to 
synthesize fragments which are subsequently joined by the alkylation 
reactions described in the Schemes. The reactions described in the 
Schemes are illustrative only and are not meant to be limiting. Other 
reactions useful in the preparation of heteroaryl moieties are 
described in "Comprehensive Organic Chemistry, Volume 4: 
Heterocyclic Compounds" ed. P.G. Sammes, Oxford (1979) and 
references therein. 

Synopsis of Schemes 23-24: 

The requisite intermediates are in some cases 
commercially available, or can be prepared according to literature 
procedures. Schemes 23-24 illustrate synthesis of the instant bicyclic 
compounds which incorporate a preferred benzylimidazolyl side- 
chain. Thus, in Scheme 23, for example, a bicyclic intermediate that 
is not commercially available may be synthesized by methods known 
in the art. Thus, a suitably substituted pyridinonyl alcohol 18 may be 
synthesized starting from the corresponding isonicotinate 17 
according to procedures described by Boekelhiede and Lehn (J. Org. 
Chem., 26:428-430 (1961)). The alcohol is then protected and reacted 
under Ullmann coupling conditions with a suitably substituted 
phenyl iodide, to provide the intermediate bicyclic alcohol 19. The 
intermediate alcohol 19 may converted to the corresponding bromide 
20. The bromide 20 may be coupled to a suitably substituted 
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benzylimidazolyl 21 to provide, after deprotection, the instant 
compound 22. 

Scheme 24 illustrates methods of synthesizing related 
halide intermediates, which can then be processed as described in 
Scheme 23. Thus, Scheme 24 illustrates preparation of a pyridyl- 
pyridinonyl halide and thienylpyridinonyl halide starting with the 
suitably substituted halogenated heterocycles. 

SCHEME 23 




- 188 - 



WO 00/59930 



PCT/US00/08762 



SCHEME 23 (wntinwd) 




- 189 - 



WO 00/59930 



PCT/US00/08762 



SCHEME 24 

Br 




The farnesyl transferase inhibitors of formula (IV) can be 
synthesized in accordance with Schemes 25-46, in addition to other 
standard manipulations such as ester hydrolysis, cleavage of protecting 
groups, etc., as may be known in the literature or exemplified in the 
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experimental procedures. Substituents R, R a , R b and R sub , as shown in 
the Schemes, represent the substituents R 2 , R**, R 4 , and R 5 , and 
substituents on Z 1 and Z 2 ; however their point of attachment to the ring 
is illustrative only and is not meant to be limiting. The compounds 
5 referred to in the Synopsis of Schemes 25-46 by Roman numerals are 
numbered starting sequentially with I and ending with XLVI. 

These reactions may be employed in a linear sequence to 
provide the compounds of the invention or they may be used to synthesize 
fragments which are subsequently joined by the alkylation reactions 
10 described in the Schemes. 

20 Synopsis of Schemes 25-46: 

The requisite intermediates are in some cases 
commercially available, or can be prepared according to literature 
15 procedures. In Scheme 25, for example, the synthesis of macrocyclic 

25 compounds of the instant invention containing suitably substituted 

piperazines and the preferred benzylimidazolyl moiety is outlined. 
Preparation of the substituted piperazine intermediate is essentially that 
described by J. S. Kiely and S. R. Priebe in Or ganic Preparations and 

30 20 Proceedings Int. . 1990.22. 761-768. Boc-protected amino acids I, 

available commercially or by procedures known to those skilled in the 
art, can be coupled to N-benzyl amino acid esters using a variety of 
dehydrating agents such as DCC (dicyclohexycarbodiimide) or EDC HC1 

35 (l-ethyl-3«(3-dimethylaminopropyl)carbodiimide hydrochloride) in a 

25 solvent such as methylene chloride , chloroform, dichloroethane, or in 
dimethylformamide. The product II is then deprotected with acid, for 
example hydrogen chloride in chloroform or ethyl acetate, or trifluoro- 

40 acetic acid in methylene chloride, and cyclized under weakly basic 

conditions to give the diketopiperazine III. Reduction of III with 
30 lithium aluminum hydride in refluxing ether gives the piperazine IV, 
which may then be deprotected by catalytic reduction to provide 

45 intermediate V. Intermediate V may then be coupled to intermediate 

VII, prepared from 4-imidazolylacetic acid VI in several step as 
illustrated. Once the amide bond is formed to yield the intermediate 
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VIII, cesium carbonate nucleophilic aromatic substitution reaction 
conditions result in an intramolecular cyclization to yield compound EX 
of the instant invention. This cyclization reaction depends on the 
presence of an electronic withdrawing moiety (such as nitro, cyano, and 
the like) either ortho or para to the fluorine atom. 

Scheme 26 illustrates the synthesis of instant compounds 
wherein an ami do bond is formed between the piperazine nitrogen and 
the linker to the Y group. Thus, the protected piperazine X is coupled to 
a naphthoic acid having a suitably positioned benzyloxy moiety. 
Consecutive removal of the Boc and benzyl protecting groups provided 
intermediate XI, which may be coupled to a suitably substituted 1- 
benzylimidazole aldehyde XII to give intermediate XIII. 
Intramolecular cyclization takes place as previously described using the 
cesium carbonate conditions to provide instant compound XTV. 

Scheme 27 illustrates the preparation of instant compounds 
which incorporate a piperazinone moiety in the macrocyclic ring. Thus 
the suitably substituted benzyloxybenzyl mesylate XV is reacted with a 4- 
protected 2-piperazinone XVI to provide the l-benzyl-2-piperazinone 
intermediate XVIL Intermediate XVII is doubly deprotected in the 
presence of Boc anhydride to provide the N-Boc protected piperazinone, 
which is deprotected to give intermediate XVIII. Reductive N-alkylation 
of intermediate XVIII with a suitably substituted 1-benzylimidazole 
aldehyde XII provides intermediate XIX, which can undergo 
intramolecular cyclization under the cesium carbonate conditions to 
give compound XX of the instant invention. 

Synthesis of compounds of the invention characterized by 
direct attachment of an aryl moiety to the piperazinone moiety and 
incorporation of a third aromatic carbocyclic moiety into the macrocycle 
is illustrated in Scheme 28. A benzyloxyphenoxyanaline XIII, prepared 
in three steps from a suitably substituted 2-benzyloxyphenol XXI and a 
suitably substituted nitrochlorobenzene XXII, is reacted with 
chloroacetyl chloride to provide intermediate XXTV. Intermediate XXTV 
is reacted with a suitably substituted ethanolamine and the resulting 
amido alcohol cyclized to form the piperazinone moiety of intermediate 
XXV. Intermediate XXV is reductively alkylated as described in 
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Schemes 26 and 27 to provide intermediate XXVI. Deprotection, followed 
by intramolecular cyclization provides compound XXVII of the instant 
invention. 

Scheme 29 illustrates expansion of the macrocyclic ring to a 
"18-membered" system by utilizing a suitably substituted 3- 
benzyloxyphenol XXVIII in the place of the 2-benzyloxyphenol XXI. 
Scheme 29 also illustrates the use of a reduced amino acid (such as 
methioninol) to provide substitution specifically at the 5-position of the 
piperazinone moiety. 

Scheme 30 illustrates that the synthetic strategy of building 
the piperazinone onto a alcoholic aromatic amine can also be utilized to 
prepare compounds of the instant invention wherein a naphthyl group 
forms part of the macrocyclic backbone. 

Scheme 31 illustrates the synthetic strategy that is employed 
when the substitutent is not an electronic withdrawing moiety either 
ortho or para to the fluorine atom. In the absence of the electronic 
withdrawing moiety, the intramolecular cyclization can be 
accomplished via an Ullmann reaction. Thus, the imidazolylmethyl- 
acetate XXXII is treated with a suitably substituted halobenzylbromide to 
provide the 1-benzylimidazolyl intermediate XXXIII. The acetate 
functionality of intermediate XXXIII was converted to an aldehyde 
which was then reductively coupled to intermediate XVIII, prepared as 
illustrated in Scheme 27. Coupling under standard Ullmann conditions 
provided compound XXXTV of the instant invention. 

Illustrative examples of the preparation of compounds of 
the instant invention that incorporate a 2,5-diketopiperazine moiety and 
a 2,3-diketopiperazine moiety are shown in Schemes 32-33 and Schemes 
34-35 respectively. 

Scheme 36 illustrates the manipulation of a functional 
group on a side chain of an intermediate 2,5-diketopiperazine. The side 
chain of intermediate Ilia, obtained as illustrated in Scheme 29 from 
protected aspartic acid, may be comprehensively reduced and 
reprotected to afford intermediate XXXV, which can deprotected or can 
be alkylated first followed by deprotection to provide intermediate IVa 
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having an ether sidechain. The intermediate IVa can be incorporated 
into the reaction sequence illustrated in Scheme 25. 

Scheme 37 illustrates direct preparation of a symmetrically 
substituted piperazine intermediate from a suitably substituted analine 
(such as intermediate XXIII from Scheme 28) and a suitably substituted 
&is-(chloroethyl)amine XXXVII. The intermediate XXXVIII can be 
utilized in the reaction sequence illustrated in Scheme 25 to produce 
compound IXL of the instant invention 

Preparation of a substituted piperazinone intermediate 
XVIIIa starting from a readily available N-protected amino acid XL is 
illustrated in Scheme 38. 

Scheme 39 illustrates preparation of an intermediate 
piperazinone compound XLI having a substituent at the 3 -position that 
is derived from the starting protected amino acid XL. 

Incorporation of a spirocyclic moiety (for example, when 
and R3 are combined to form a ring) is illustrated in Scheme 40. 

Scheme 41 illustrates the use of an optionally substituted 
homoserine lactone XLII to prepare a Boc-protected piperazinone XLIII. 
Intermediate XLIII may be deprotected and reductively alkylated or 
acylated as illustrated in the previous Schemes. Alternatively, the 
hydroxyl moiety of intermediate XLIII may be mesylated and displaced 
by a suitable nucleophile, such as the sodium salt of ethane thiol, to 
provide an intermediate XLIV. Intermediate XLIII may also be oxidized 
to provide the carboxylic acid on intermediate XLV, which can be 
utilized form an ester or amide moiety. 

Amino acids of the general formula XL which have a 
sidechain not found in natural amino acids may be prepared by the 
reactions illustrated in Scheme 42 starting with the readily prepared 
imine XLVI. 

Other suitably substituted aldehydes such as those 
described in Schemes 43-46 hereinabove may be utilized in the 
syntheses of the instant compounds of the formula IV wherein the 
moiety T is a pyridyl. Similar synthetic strategies for preparing 
alkanols that incorporate other heterocyclic moieties for variable W 
are also well known in the art. 
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5 The farnesyl transferase inhibitors of formula (V) can be 

synthesized in accordance with Schemes 47-51, in addition to other 
standard manipulations such as ester hydrolysis, cleavage of protecting 
groups, etc., as may be known in the literature or exemplified in the 
experimental procedures. Substituents R, R a , R*> and R su ^, as shown in 



50 



232 



55 



WO 00/59930 



PCT/US00/08762 



the Schemes, represent the substituents R^, r3, r4 j an d r5 ? anc j 
substituents on and 7?-\ however their point of attachment to the ring 
is illustrative only and is not meant to be limiting. The compounds 
referred to in the Synopsis of Schemes 47-51 by Roman numerals are 
numbered starting sequentially with I and ending with XX. 

These reactions may be employed in a linear sequence to 
provide the compounds of the invention or they may be used to synthesize 
fragments which are subsequently joined by the alkylation reactions 
described in the Schemes. 

Synopsis of Schemes 47-51: 

The requisite intermediates are in some cases 
commercially available, or can be prepared according to literature 
procedures. In Scheme 47, for example, the synthesis of a key 
intermediate in the preparation of macrocyclic compounds of the instant 
invention containing the preferred benzylimidazolyl moiety is outlined. 
A suitably substituted fluoro toluene I is brominated and reacted with an 
imidazolylmethyl acetate to form the intermediate II. Reduction, 
followed by oxidation provided the aldehyde III which is then 
reductively alkylated with a suitably substituted amine to provide the 
intermediate IV. 

Scheme 48 illustrates the synthesis of a compound of the 
instant invention which utilizes intermediate IV. Thus, a suitably 
substituted hydroxyanaline V is N-protected, for example with by 
reductive alkylation with 2,4-dimethoxybenzaldehyde, and the resulting 
secondary amine is reacted with a suitably substituted chloro acetyl 
chloride to provide intermediate VI. Intermediate VI is then reacted 
with the imidazolylmethylamine IV to provide the protected amide VII. 
Intermediate VII may then undergo a cesium carbonate nucleophillic 
aromatic substitution reaction resulting in an intramolecular 
cyclization to yield compound VIII of the instant invention. This 
cyclization reaction depends on the presence of an electronic 
withdrawing moiety (such as nitro, cyano, and the like) either ortho or 
para to the fluorine atom. Compound VIII may be N-deprotected to 
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provide instant compound EX, which may itself be further elaborated, for 
example by boronic acid coupling to give compound X of the instant 
invention. 

Syntheses of compounds of the instant invention wherein 
the linker "X" is an ether linkage are illustrated in Scheme 49. Thus, 
the protected amide VI is reacted with a suitably substituted sodium 
benzylimidazolyl methoxide to provide intermediate XI, intramolecular 
cyclization as previously described, followed by deprotection provides the 
instant compound XII, which can be further elaborated as shown. 

Scheme 50 illustrates syntheses of instant compounds 
wherein the linker "X n is an amido linkage. Thus, the primary amine 
XIII, homologous to intermediate IV is reacted with a suitably substi- 
tuted bromoacetyi bromide, followed by a reaction with a nucleophile, 
such as a suitably substituted O-protected hydroxythiophenol. The 
resulting intermediate XTV is deprotected and intramolecular 
cyclization as previously described provides compound XV of the instant 
invention. The sulfur moiety in compound XV also may be oxidized to 
provide instant compound XVI. 

Scheme 51 illustrates the synthetic strategy that is employed 
when the substitutent is not an electronic withdrawing moiety either 
ortho or para to the fluorine atom. In the absence of the electronic 
withdrawing moiety, the intramolecular cyclization can be 
accomplished via an Ulimann reaction. Thus, the previously described 
aldehyde III can be converted to the homologous amine XVII. Amine 
XVII is then reacted with the previously described chloroacetamide VI 
to provide intermediate XVIII. Intramolecular cyclization may then be 
affected under Ulimann reaction to provide intermediate XIX, which 
may be deprotected and reduced to provide the diamino macrocycle of the 
instant invention XX. 

Schemes 43-46 hereinabove illustrate syntheses of suitably 
substituted aldehydes useful in the syntheses of the instant compounds 
wherein the variable W is present as a pyridyl moiety. Similar synthetic 
strategies for preparing alkanols that incorporate other heterocyclic 
moieties for variable W are also well known in the art. 
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The farnesyl transferase inhibitors of formula (VI) can be 
synthesized in accordance with Schemes 52-57, in addition to other 
standard manipulations such as ester hydrolysis, cleavage of protecting 
groups, etc., as may be known in the literature or exemplified in the 
experimental procedures. Substituents R, R a , R D and R SUD , as shown in 
the Schemes, represent the substituents R 2 , R 3 , R 4 , and R 5 , and 
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substituents on Z 1 and Z 2 ; however their point of attachment to the ring 
is illustrative only and is not meant to be limiting. The compounds 
referred to in the Synopsis of Schemes 52-57 by Roman numerals are 
numbered starting sequentially with I and ending with XVIII. 

These reactions may be employed in a linear sequence to 
provide the compounds of the invention or they may be used to synthesize 
fragments which are subsequently joined by the alkylation reactions 
described in the Schemes. 

Synopsis of Schemes 52-57: 

The requisite intermediates are in some cases 
commercially available, or can be prepared according to literature 
procedures. For example, syntheses of instant compounds wherein the 
linker "X" is an sulfonamido linkage is illustrated in Scheme 52. Thus, 
a suitably substituted benzylimidazolyl containing amine I is prepared 
as illustrated. A suitably substituted benzyl alcohol II is converted to the 
corresponding benzyl sulfinyl chloride III. Reaction of intermediate III 
with the primary amine I provides the sulfinamido intermediate IV. 
That intermediate can be oxidized to the sulfonamide, the alcohol moiety 
can then be deprotected and previously described intramolecular 
cyclization provides compound V of the instant invention. 

Instant compounds wherein the variable "V is other than a 
phenyl moiety can be prepared as illustrated in Scheme 53. Thus, a 
suitably substituted fluoronaphthylmethyl bromide VII may be reacted 
with an imidazolyl alkylacetate to provide intermediate VIII. The 
alcohol moiety of intermediate VIII can be deprotected and then reacted 
with a suitably substituted phenyl isocyanate to provide the carbamate 
IX, which may then be optionally N-alkylated, followed by deprotection 
and intramolecular cyclization to provide compound XI of the instant 
invention. 

Synthesis of compounds of the instant invention wherein 
variables "Z lM and "Z 2 " are both phenyl moieties and the linker "X" is a 
amido moiety is illustrated in Scheme 54. Scheme 55 illustrates 
preparation of the corresponding instant compound wherein linker "X* 
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is a urea moiety by reacting the isocyanate derived from intermediate I 
and the phenoxyanaline XIII described in Scheme 54. Synthesis of 
compounds of the instant invention wherein variable "Z 1 " is a naphthyl 
moiety and the linker "X" is a amido moiety is illustrated in Scheme 56. 

Scheme 57 illustrates the synthetic strategy that is employed 
when the substitutent is not an electronic withdrawing moiety either 
ortho or para to the fluorine atom. In the absence of the electronic 
withdrawing moiety, the intramolecular cyclization can be 
accomplished via an Ullmann reaction. Thus, the aldehyde XTV can be 
converted to the homologous amine XV. Amine XV is then reacted with 
the previously described benzyloxybenzoic acid XVI to provide inter- 
mediate XVII. Intramolecular cyclization may then be affected under 
Ullmann reaction conditions to provide the amido macrocycle of the 
instant invention XVIII. 

Other suitably substituted aldehydes such as those 
described in Schemes 43-46 hereinabove may be utilized in the 
syntheses of the instant compounds of the formula VI wherein the 
moiety "W" is pyridyl. Similar synthetic strategies for preparing 
alkanols that incorporate other heterocyclic moieties for variable W 
are also well known in the art. 
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The prenyl transferase inhibitors of formula (VII) can be 
synthesized in accordance with Schemes 58-66, in addition to other 
standard manipulations such as ester hydrolysis, cleavage of protecting 
groups, etc., as may be known in the literature or exemplified in the 
experimental procedures. The compounds referred to in the Synopsis of 
Schemes 58-66 by Roman numerals are numbered starting sequentially 
with II and ending with XXXX. 

These reactions may be employed in a linear sequence to 
provide the compounds of the invention or they may be used to synthesize 
fragments which are subsequently joined by the alkylation reactions 
described in the Schemes. 
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Synopsis of Schemes 58-66 

Schemes 58-66 describe the synthesis of compounds of 
formulae VII. The starting materials can be obtained from commercial 
sources or they can be obtained using standard transformations (e.g. 
5 esterification of the hydroxy acid) from commercially available 
materials. 

In Scheme 58, amino-hydroxy benzoates of type II can be 
converted to the corresponding iodide III by treatment with acidic 
aqueous NaN02 followed by the addition of KI. The phenol may then be 
10 alkylated by treatment with a base such as NaH or CS2CO3 in an organic 

solvent (for example DMF) followed by the addition of an electrophile to 
20 yield IV. Reduction of the ester of IV using, for example, LiBH4 in THF 

then yields the alcohol V which can in turn be treated with Zn(CN)2 in 
DMF and a palladium catalyst to give VI. The alcohol of VI can be 
15 converted into a leaving group of VII in a number of ways. One such 
25 procedure involves reaction of the alcohol with a sulfonyl chloride in the 

presence of an organic base (e.g. triethylamine) in an organic solvent 
such as dichloromethane. A second method requires the reaction of the 
alcohol with CBr4 and a phosphine such as triphenyl phosphine in an 

30 20 organic solvent such as dichloromethane. A third method involves 

reaction of the alcohol with N-bromosuccinimide and dimethyl sulfide in 
dichloromethane. The reaction of VII with imidazole in a polar solvent 
such as DMF then affords compounds of formula IA. In addition, VII 
35 upon reaction with 4-iodo-l-tritylimidazole in THF with 1,2- 

25 dibromoe thane, Zn and NiCl2(PPh3)2 and subsequent methanolysis may 
yield compounds of formula IB. 

Scheme 59 shows an alternative route for the conversion of 
40 III into VI employing chemical transformations described above. 

In Scheme 60, the phenol X can be converted to the 
30 corresponding triflate XI using trifluoromethane sulfonic anhydride in 
an organic solvent such as dichloromethane with an organic base such 
45 as triethylamine. The triflate may then be converted to the nitrile XII, 

the ester reduced to XIII and the alcohol transformed to a leaving group 
as shown in XIV using previously described reactions. Treatment of 
35 XTV as above would then produce compounds of formula I C or ID. 
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An alternative route for the synthesis of compounds of 
formula IA and IB is given in Scheme 61. Methyl-hydroxybenzoic acids 
of structure XV may be bis alkylated by treatment with a base such as 
NaH or CS2CO3 in an organic solvent (for example DMF) followed by the 

addition of an electrophile to yield XVI saponification using aqueous 
hydroxide then affords the acid XVII. Acid XVII is then converted to 
the primary amide XIX via the acid chloride XVIII (prepared with 
thionyl chloride in a solvent such as toluene then a reaction with 
ammonia in, for example, chloroform). Treatment of XIX with thionyl 
chloride in DMF results in the nitrile XX which can be brominated at the 
benzylic position using, for example, N-bromosuccinimide and benzoyl 
peroxide in carbon tetrachloride. Transformations, as before, then yield 
IA or IB. 

An alternative route for the synthesis of compounds of 
formula IA and IB is shown in Scheme 62 which incorporates the 
reaction steps described above but alters the order of these 
transformations to give XXIV which is converted to IA by treatment 
with a halide or mesylate. 

Two routes to compounds containing a diary 1 ether linkage 
as illustrated in XXVII are described in Scheme 85. The bromo fluoride 
XXV is transformed to the fluoro nitrile with zinc cyanide, then 
converted to ID in a series of transformations described in previous 
schemes. 

Scheme 64 illustrates yet another route for the synthesis of 
compounds of formula IA. 

Schemes 65 and 66 describe routes for the preparation of 
compounds XXXIX and XXXX which contain a heteroatom at the 
benzylic position between W and the phenyl ring of IA. 
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In Schemes 58-66, it is understood that: 

R independently represents R* c or its protected precursors 
thereof; 

5 

R' independently represents R3 or its protected precursors 
thereof; 

R" independently represents Rl3 or its protected precursors 
10 thereof; 

R'" independently represents the following moiety; 



25 y t ^R 5 

(C(R 1a ) 2 ) n A 2 (C(R 1a ) 2 )-X-(C(R 1b ) 2 ) p A 3 (C(R 1b ) 2 )p-Y 

R 4 

30 

15 The famesyl transferase inhibitors of formula (VIII) can be 

synthesized in accordance with Schemes 67-73, in addition to other 
standard manipulations such as ester hydrolysis, cleavage of protecting 
groups, etc., as may be known in the literature or exemplified in the 
experimental procedures. The compounds referred to in the Synopsis of 
20 Schemes 67-73 by Roman numerals are numbered starting sequentially 
with II and ending with XXX. 

These reactions may be employed in a linear sequence to 
provide the compounds of the invention or they may be used to synthesize 
fragments which are subsequently joined by the alkylation reactions 
25 described in the Schemes. 



Synopsis of Schemes 67-73 

Schemes 67-73 describe the synthesis of compounds of 
formula VIII. The starting materials can be obtained from commercial 
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sources or they can be obtained using standard transformations (e.g. 
esterification of the hydroxy acid) from commercially available 
materials. 

In Scheme 67, amino-hydroxybenzoates of type I can be 
5 converted to the corresponding iodide II by treatment with acidic 

aqueous NaN02 followed by the addition of'KI. The phenol may then be 
alkylated by treatment with a base such as NaH or Cs2C03 in an organic 

solvent (for example DMF) followed by the addition of an electrophile to 
yield 111. Reduction of the ester of III using, for example, IABH4 in THF 
10 then yields the alcohol IV which can in turn be treated with Zn(CN)2 in 
DMF and a palladium catalyst to give V. The alcohol of V can be 
20 converted into a leaving group of VI in a number of ways. One such 

procedure involves reaction of the alcohol with a sulfonyl chloride in the 
presence of an organic base (e.g. triethylamine) in an organic solvent 
15 such as dichlorome thane. A second method requires the reaction of the 
25 alcohol with CBr4 and a phosphine such as triphenyl phosphine in an 

organic solvent such as dichloromethane. A third method involves 
reaction of the alcohol with N-bromosuccinimide and dimethyl sulfide in 
dichloromethane. The reaction of VI with imidazole in a polar solvent 
30 20 such as DMF then affords compounds of formula VII. In addition, VI 

upon reaction with 4-iodo-l-tritylimidazole in THF with 1,2- 
dibromoethane, Zn and NiCl2(PPh3)2 gives a compound of formula 
VIIL Subsequent methanolysis of VIII may yield compounds of 
35 formula IX. Treating a compound of formula VIII with a suitably 

25 substituted alkyl or aralkyl halide or mesylate, followed by methanolysis 
yields a compound of formula X. 

An alternative route for the synthesis of compounds of 
40 formula VII is shown in Scheme 68. Iodo-hydroxybenzoic acids of 

structure II may be converted to the corresponding cyano XI. The ester 
30 may be reduced by treating XI with L1BH4 (and THF) to produce the 

alcohol XII. The alcohol can be converted into a leaving group by 
reacting the alcohol with CBr4 and a phosphine, such as triphenyl 

phosphine (in an organic solvent such as dichloromethane). The 
reaction of XIII with imidazole affords XIV, which can be converted to 
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VII by treatment with a suitably substituted alkyl or aralkyl halide or 
mesylate. 

Scheme 69 illustrates one route for the synthesis of 
compounds of formula XXI. The bromotoluene XV can be treated with 
KMn04 to yield the bromo-fluorobenzoic acid XVI. The acid can be 
reduced with treatment of XVI with BH3 in THF to give the 

bromobenzene XVII. The bromobenzene XVII can be converted to the 
corresponding cyanobenzene XVIII by treating XVII with Zn(CN)2 and 

a palladium catalyst. The alcohol of intermediate XVIII can be 
converted into a leaving group by reacting the alcohol with NBS and 
DMS to produce XIX. Treatment of XIX with a nitrogen-containing 
heterocycle yields XX. Compounds of formula XXI can be obtained by 
treating XX with CsC03 or KF/Alumina and a phenol. 

Schemes 70 and 71 describe routes for the preparation of 
compounds XXVI and XXVII wherein Rc is a non-hydrogen 
substituent. 

Schemes 72 and 73 illustrate the synthesis of compounds of 
formula XXIX and XXX, using techniques previously described above. 
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In Schemes 67-73, it is understood that: 

R independently represents an alkyl or an aryl; 

5 

Ra independently represents R2 or protected precursors 
thereof; 



Rb independently represents the following moiety: 




10 

Rc independently represents Rlc or protected precursors 
thereof; and 

Rd independently represents Rl or protected precursors 
15 thereof. 

The prenyl transferase inhibitors of formula (VII) can be 
synthesized in accordance with Schemes 74-90, in addition to other 
standard manipulations such as ester hydrolysis, cleavage of protecting 
20 groups, etc., as may be known in the literature or exemplified in the 

experimental procedures. The compounds referred to in the Synopsis of 
Schemes 74-90 by Roman numerals are numbered starting sequentially 
with II and ending with LII. 

Reactions used to generate the compounds of this invention 
25 are prepared by employing reactions as shown in the Schemes 74-90, in 
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addition to other standard manipulations such as ester hydrolysis, 
cleavage of protecting groups, etc., as may be known in the literature or 
exemplified in the experimental procedures. Substituents R, R a and R D , 
as shown in the Schemes, represent the substituents R2, R3 and R±; 
5 however their point of attachment to the ring is illustrative only and is 
not meant to be limiting. Substituent Z', as shown in the Schemes, 
represents the substituent Z as defined hereinabove or a protected 
precursor thereof. 

These reactions may be employed in a linear sequence to 
10 provide the compounds of the invention or they may be used to synthesize 
fragments which are subsequently joined by the alkylation reactions 
described in the Schemes. 



Synopsis of Schemes 74-90: 
15 The requisite intermediates are in some cases 

25 commercially available, or can be prepared according to literature 

procedures, for the most part. In Scheme 74, for example, the synthesis 
of N-protected substituted piperazines is outlined. Boc-protected amino 
acids I, available commercially or by procedures known to those skilled 
30 20 in the art, can be coupled to N-benzyl amino acid esters using a variety of 

dehydrating agents such as DCC (dicyclohexycarbodiimide) or EDC-HC1 
(l-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride) in a 
solvent such as methylene chloride , chloroform, dichloroethane, or 
35 dimethylformamide. The product II is then deprotected with acid,. for 

25 example hydrogen chloride in chloroform or ethyl acetate, or 

trifluoroacetic acid in methylene chloride, and cyclized under weakly 
basic conditions to give the diketopiperazine III. Reduction of III with 
40 lithium aluminum hydride in a refluxing ether gives the piperazine IV, 

which is protected as the Boc derivative V. The N-benzyl group can be 
30 cleaved under standard conditions of hydrogenation, e.g., 10% 

palladium on carbon at 60 psi hydrogen on a Pair apparatus for 24-48 h. 
The product VI can be reacted with a suitably substituted carboxylic acid 
to provide the piperazine VII (Scheme 75); a final acid deprotection as 
previously described gives the intermediate VIII (Scheme 75). The 
35 intermediate VIII can itself be reductively alkylated with a variety of 
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10 



15 



aldehydes, such as IX. The aldehydes can be prepared by standard 
procedures, such as that described by O. P. Goel, U. Krolls, M. Stier and 
S. Kesten in Organic Syntheses . 1988, 67, 69-75, from the appropriate 
amino acid (Scheme 76). The reductive alkylation can be accomplished 
5 at pH 5-7 with a variety of reducing agents, such as sodium 

triacetoxyborohydride or sodium cyanoborohydride in a solvent such as 
dichloroethane, methanol or dimethylformamide. The product X can be 
deprotected to give the final compounds XI with trifluoroacetic acid in 
methylene chloride. The fmal product XI is isolated in the salt form, for 
10 example, as a trifluoroacetate, hydrochloride or acetate salt, among 
others. The product diamine XI can further be selectively protected to 
20 obtain XII, which can subsequently be reductively alkylated with a 

second aldehyde to obtain XIII. Removal of the protecting group, and 
conversion to cyclized products such as the dihydroimidazole XV can be 
15 accomplished by literature procedures. 
25 As shown in Scheme 77, the piperazine intermediate VIII 

can be reductively alkylated with other aldehydes such as l-trityl-4- 
imidazolyl-carboxaldehyde or l-trityl-4-imidazolylacetaldehyde, to give 
products such as XVI. The trityl protecting group can be removed from 
30 20 XVI to give XVII, or alternatively, XVI can first be treated with an alkyl 

halide then subsequently deprotected to give the alkylated imidazole 
XVIII. Alternatively, the intermediate VIII can be acylated or 
sulfonylated by standard techniques. 
35 Incorporation of a hydroxyl moiety on the sidechain carbon 

25 alpha to the amide carbonyl of compounds of the formula XVIII can be 
accomplished as illustrated in Scheme 78. A suitably substituted 
primary alcohol XIX undergoes a one carbon homologation, via a Swern 
40 oxidation, nitrile addition and hydrolysis, to provide the substituted 

hydroxyacetic acid XX. The trifluoromethyl ketal is formed and reacted 
30 with the previously described protected piperazine VI to provide, 

following deprotection, the intermediate XXI. Intermediate XXI can 
45 undergo a variety of reactions at its unsubstituted nitrogen. For 

example, treatment of XXI with a suitably substituted imidazolylmethyl 
halide to provide the instant compound XXII. 
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Scheme 79 illustrates incorporation of an 
arylalkoxycarbonyl or heteroarylalkoxycarbonyl moiety onto the 
piperazine nitrogen. Thus a suitably substituted alcohol XXIII is 
C reacted with nitrophenylchloroformate to provide the intermediate 

5 XXIV, which is reacted with a suitably substituted piperazine to provide 
the instant compound XXV. An analogous reaction sequence 
alternatively provides the corresponding aminocarbonyl substitution on 
fv the piperazine nitrogen, as shown in Scheme 80. 

Scheme 81 illustrates the preparation of compounds 
10 analogous to compound XXXI wherein the alcohol utilized in the first 
step is a suitably substituted phenol. The scheme also illustrates the 
20 incorporation of an indole moiety for the substituent W in place of the 

preferred benzylimidazolyl moiety. 

Scheme 82 illustrates synthesis of an instant compound 
15 wherein a non-hydrogen R^ D is incorporated in the instant 
25 compound. Thus, a readily available 4-substituted imidazole XXVI 

may be selectively iodinated to provide the 5-iodoimidazole XXVII. 
That imidazole may then be protected and coupled to a suitably 
substituted benzyl moiety to provide intermediate XXVIII. 
30 20 Attachment of the imidazolyl nitrogen via an ethyl linker to the 

piperazine nitrogen of intermediate XXI, described above, provides 
the instant compound XXIX. 

Compounds of the instant invention wherein the 
35 A 1 (CR la 2)nA 2 (CR la 2)n linker is oxygen may be synthesized by methods 

25 known in the art, for example as shown in Scheme 83. The suitably 
substituted phenol XXX may be reacted with methyl N- 
(cyano)methanimidate to provide the 4-phenoxyimidazole XXXI. After 
40 selective protection of one of the imidazolyl nitrogens, the intermediate 

XXXII can undergo alkylation reactions as described for the 
30 benzylimidazoles in Scheme 81. 

If the piperazine VIII is reductively alkylated with an 
45 aldehyde which also has a protected hydroxyl group, such as XXXIII in 

Scheme 84, the protecting groups can be subsequently removed to 
unmask the hydroxyl group. The Boc protected amino alcohol XXXIV 

50 
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can then be utilized to sjmthesize 2-aziridinylmethylpiperazines such as 
XXXV. 

Reaction Scheme 85 provides an illustrative example of the 
synthesis of compounds of the instant invention wherein the 
substituents R^ and are combined to form -(CH2Xr* For example, 1- 
aminocyclohexane-l-carboxylic acid XLV can be converted to the 
spiropiperazine XLVI essentially according to the procedures outlined 
in Schemes 74 and 75. The piperazine intermediate XLVI can be 
deprotected as before, and carried on to final products as described in 
Schemes 76-82. It is understood that reagents utilized to provide the 
imidazolylalkyl substituent may be readily replaced by other reagents 
well known in the art and readily available to provide other N- 
substituents on the piperazine. 

Amino acids of the general formula LI which have a 
sidechain not found in natural amino acids may be prepared by the 
reactions illustrated in Scheme 86 starting with the readily prepared 
imine LII. 

Other suitably substituted aldehydes such as those 
described in Schemes 13-16 hereinabove may be utilized in the syntheses 
of the instant compounds of the formula VIIIA. Similar synthetic 
strategies for preparing alkanols that incorporate other heterocyclic 
moieties for variable W are also well known in the art. For example, 
Scheme 87 illustrates the preparation of the corresponding quinoline 
aldehyde. 

Scheme 88 depicts a general method for synthesizing a key 
intermediate useful in the preparation of preferred embodiments of the 
instant invention wherein V is phenyl and W is imidazole. A piperazine 
moiety can be readily added to this benzyl-imidazole intermediate as set 
forth in Scheme 89. 
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SCHEME 74 
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SCHEME 76 
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SCHEME 77 
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SCHEME 78 
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SCHEME 80 
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SCHEME gl (continued) 
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SCHEME 82 
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SCHEME 84 
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SCHEME 85 (continued) 
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SCHEME 89 




The PSA conjugates of formulae DC, X and XIII can be 
synthesized in accordance with Schemes 90-102, in addition to other 
standard manipulations such as ester hydrolysis, cleavage of protecting 
groups, etc., as may be known in the literature or exemplified in the 
experimental procedures. 
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SCHEME 94 




Scheme 95 illustrates preparation of conjugates utilized in 
the instant method of treatment wherein the oligopeptides are combined 
with the vinca alkaloid cytotoxic agent vinblastine. Attachment of the N- 
terminus of the oligopeptide to vinblastine is illustrated (S.P. Kandukuri 
et al. J. Med. Chem. 28:1079-1088 (1985)). 

Scheme 96 illustrates preparation of conjugates of the 
oligopeptides of the instant invention and the vinca alkaloid cytotoxic 
agent vinblastine wherein the attachment of vinblastine is at the C- 
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terminus of the oligopeptide. The use of the 1,3-diaminopropaiie linker 
is illustrative only; other spacer units between the carbonyl of vinblastine 
and the C-tenninus of the oligopeptide are also envisioned. 
Furthermore, Scheme 96 illustrates a synthesis of conjugates wherein 
the C-4-position hydroxy moiety is reacetylated following the addition of 
the linker unit. Applicants have discovered that the desacetyl 
vinblastine conjugate is also efficacious and may be prepared by 
eliminating the steps shown in Scheme 80 of protecting the primary 
amine of the linker and reacting the intermediate with acetic anhydride, 
followed by deprotection of the amine. Conjugation of the oligopeptide at 
other positions and functional groups of vinblastine may be readily 
accomplished by one of ordinary skill in the art and is also expected to 
provide compounds useful in the treatment of prostate cancer. 



- 312 - 



WO 00/59930 



PCTVUSOO/08762 



SCHEME 95 





- 313 - 



WO 00/59930 



PCT/USOO/08762 



SCHEME 95 (Continued) 




CH 3 0 



C-terminus 
\ 

1. oligopeptide- R 

2. Ac 2 0, pyridine 




CO oligopeptide - NH 2 

/ 

C-terminus 
wherein R is -NH 2 , -O-alkyl and the like 



- 314 - 



WO 00/59930 



PCT/USOO/08762 




55 



WO 00/59930 



PCT/USOO/08762 



SCHEME 96 (Continued) 
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The PSA conjugates of formula XI and XII can be 
synthesized in accordance with Schemes 97*101, in addition to other 
standard manipulations such as ester hydrolysis, cleavage of protecting 
groups, etc., as may be known in the literature or exemplified in the 
experimental procedures. 
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Scheme 102 illustrates preparation of PSA conjugates of 
the formula XIV wherein the attachment of vinblastine is at the C- 
terminus of the oligopeptide. Furthermore, Scheme 102 illustrates a 
synthesis of conjugates wherein the C-4-position hydroxy moiety is 
reacetylated following the addition of the linker unit. Applicants 
have discovered that the desacetyl vinblastine conjugate is also 
efficacious and may be prepared by eliminating the steps shown in 
Scheme 102 of protecting the primary amine of the linker and 
reacting the intermediate with acetic anhydride, followed by 
deprotection of the amine. Conjugation of the oligopeptide at other 
positions and functional groups of vinblastine may be readily 
accomplished by one of ordinary skill in the art and is also expected to 
provide compounds useful in the treatment of prostate cancer. 
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SCHEME 102 (continued) 
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The PSA conjugates of formula XV can be synthesized in 
accordance with Schemes 103-104, in addition to other standard 
10 manipulations such as ester hydrolysis, cleavage of protecting groups, 

5 etc., as may be known in the literature or exemplified in the 
experimental procedures. 

Reaction Scheme 103 illustrates preparation of 
15 conjugates of the oligopeptides of the instant invention and the vinca 

alkaloid cytotoxic agent vinblastine wherein the attachment of the 
10 oxygen of the 4-desacetylvinblastine is at the C-terminus of the 
oligopeptide. While other sequences of reactions may be useful in 
20 forming such conjugates, it has been found that initial attachment of 

a single amino acid to the 4-oxygen and subsequent attachment of the 
remaining oligopeptide sequence to that amino acid is a preferred 
15 method. It has also been found that 3,4-dihydro-3-hydroxy-4-oxo- 
25 1,2,3-benzotriazine (ODHBT) may be utilized in place of HOAt in the 

final coupling step. 

Reaction Scheme 104 illustrates preparation of 
conjugates of the oligopeptides of the instant invention wherein a 
30 20 hydroxy alkanolyl acid is used as a linker between the vinca drug and 

the oligopeptide. 
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SCHEME 103 
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SCHEME 103 (continued) 
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SCHEME 104 
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EXAMPLES 

Examples provided are intended to assist in a further 
understanding of the invention. Particular materials employed, species 
5 and conditions are intended to be further illustrative of the invention and 
not limitative of the reasonable scope thereof. 

The standard workup referred to in the examples refers to 
solvent extraction and washing the organic solution with 10% citric acid, 
10% sodium bicarbonate and brine as appropriate. Solutions were dried 
10 over sodium sulfate and evaporated in. vacuo on a rotary evaporator. 

EXAMPLE 1 
(S)-l-(3-cMorophenyl)-4-[l-(4-cyanoben^ 
(methanesulfonvnethvll-2 -DiDerazinone dihvdrochloride 

15 

Step A: l-triDhenv lmethvl-4-(hvdroxvmRthvl)-imida2ole 

To a solution of 4-(hydroxymethyl)imidazole hydrochloride 
(35.0 g, 260 mmol) in 250 mL of dry DMF at room temperature was added 
triethylamine (90.6 mL, 650 mmol). A white solid precipitated from the 

20 solution. Chlorotriphenylmethane (76.1 g, 273 mmol) in 500 mL of DMF 
was added dropwise. The reaction mixture was stirred for 20 hours, 
poured over ice, filtered, and washed with ice water. The resulting 
product was slurried with cold dioxane, filtered, and dried in vacuo to 
provide the titled product as a white solid which was sufficiently pure for 

25 use in the next step. 

Step B; l-triphen vlmethvl-4-(acetoxvmethvl)-imidazole 

Alcohol from Step A (260 mmol, prepared above) was 
suspended in 500 mL of pyridine. Acetic anhydride (74 mL, 780 mmol) 

30 was added dropwise, and the reaction was stirred for 48 hours during 
which it became homogeneous. The solution was poured into 2 L of 
EtOAc, washed with water (3x1 L), 5% aq. HC1 soln. (2x1 L), sat. aq. 
NaHC03, and brine, then dried (Na2S04)» filtered, and concentrated in 
vacuo to provide the crude product. The acetate was isolated as a white 

35 powder which was sufficiently pure for use in the next reaction. 
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Step C : l-(4*cyanobenzyl)-5-(acetoxymethyl)-imidazole 

hydrofrromide. : 

A solution of the product from Step B (85.8 g, 225 mmol) and 
5 a-bromo-p-tolunitrile (50.1 g, 232 mmol) in 500 mL of EtOAc was stirred 
at 60 °C for 20 hours, during which a pale yellow precipitate formed. The 
reaction was cooled to room temperature and filtered to provide the solid 
imidazolium bromide salt. The filtrate was concentrated in vacuo to a 
volume 200 mL, reheated at 60°C for two hours, cooled to room tempera- 

10 ture, and filtered again. The nitrate was concentrated in vacuo to a 
volume 100 mL, reheated at 60°C for another two hours, cooled to room 
temperature, and concentrated in vacuo to provide a pale yellow solid. 
All of the solid material was combined, dissolved in 500 mL of methanol, 
and warmed to 60°C. After two hours, the solution was reconcentrated 

15 in vacuo to provide a white solid which was triturated with hexane to 
remove soluble materials. Removal of residual solvents in vacuo 
provided the titled product hydrobromide as a white solid which was 
used in the next step without further purification. 



30 20 StepD : l-(4-cvanobenzvl)-5-(hvdroxvmethvl)-imidazole 

To a solution of the acetate from Step C (50.4 g, 150 mmol) in 
1.5 L of 3:1 THF/water at 0 °C was added lithium hydroxide monohydrate 
(18.9 g, 450 mmol). After one hour, the reaction was concentrated in 
35 vacuo, diluted with EtOAc (3 L), and washed with water, sat. aq. 

25 NaHC03 and brine. The solution was then dried (Na2S04), filtered, and 

concentrated in vacuo to provide the crude product as a pale yellow fluffy 
solid which was sufficiently pure for use in the next step without further 
40 purification. 



30 StepE: ^(4-cyanobgnzyl)-5-iinidazQlecarboxaldehyde 

To a solution of the alcohol from Step D (21.5 g, 101 mmol) in 
500 mL of DMSO at room temperature was added triethylamine (56 mL, 
402 mmol), then S03-pyridine complex (40.5 g, 254 mmol). After 45 

minutes, the reaction was poured into 2.5 L of EtOAc, washed with 
35 water (4 x 1 L) and brine, dried (Na2S04), filtered, and concentrated in 
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vacuo to provide the aldehyde as a white powder which was sufficiently 
pure for use in the next step without further purification. 

Step F : (S)-2-(ier^-butoxycarbonylaniino)-iV-methoxy-iv'-methyl- 

5 4-(methylthio)buta^aniide 

WV-Boc-methionine (30.0 g, 0.120 mol), AT,0-dimethyl- 
hydroxylamine hydrochloride (14.1 g, 0.144 mol), EDC hydrochloride 
(27.7 g, 0.144 mol) and HOBT (19.5 g, 0.144 mol) were stirred in dry DMF 
(300 mL) at 20°C under nitrogen. More MO-dimethylhydroxylamine 

10 hydrochloride (2.3 g, 23 mmol) was added to obtain pH 7-8. The reaction 
was stirred overnight, the DMF distilled to half the original volume 
under high vacuum, and the residue partitioned between ethyl acetate 
and sat. NaHC03 soln. The organic phase was washed with saturated 
sodium bicarbonate, water, 10% citric acid, and brine, and dried with 

15 sodium sulfate. The solvent was removed in vacuo to give the title 
compound. 

Step_G: (S)-2^er^-butoxvcarbonvlamino)-4-(methvlthio)butanal 

A suspension of lithium aluminum hydride (5.02 g, 0.132 

20 mol) in ether (500 mL) was stirred at room temperature for one hour. 
The solution was cooled to -50°C under nitrogen, and a solution of the 
product from Step F (39.8 g, ca. 0.120 mol) in ether (200 mL) was added 
over 30 min, maintaining the temperature below -40°C. When the 
addition was complete, the reaction was warmed to 5°C, then recooled to 

25 -45°C. Analysis by tic revealed incomplete reaction. The solution was 

rewarmed to 5*C, stirred for 30 minutes, then cooled to -50°C. A solution 
of potassium hydrogen sulfate (72 g, 0.529 mol) in 200 mL water was 
slowly added, maintaining the temperature below -20°C. The mixture 
was wasmed to 5°C, filtered through Celite, and concentrated in vacuo to 

30 provide the title aldehyde. 

StenH: (S)-2-(te^butoxycarbonylamino)-iV-(3-chlorophenyl)- 

4-(methvlthio)butanamine 

To a solution of 3-chloroaniline (10.3 mL, 97.4 mmol), the 
35 product from Step G (23.9 g, 97.4 mmol), and acetic acid (27.8 mL, 487 
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mmol) in dichloroethane (250 mL) under nitrogen was added sodium 
triacetoxyborohydride (41.3 g, 195 mmol). The reaction was stirred 
overnight, then quenched with saturated sodium bicarbonate solution. 
The solution was diluted with CHCl3> and the organic phase was 
washed with water, 10% citric acid and brine. The solution was dried 
over sodium sulfate and concentrated in vacuo to provide the crude 
product (34.8 g) which was chromatographed on silica gel with 20% ethyl 
acetate in hexane to obtain the title compound . 

Step I: (S)-4-(tert-butoxycarbonyl)-l-(3-chlorophenyl)-5-[2- 

(methvlthio)ethvIlpip era2in-2-one 

A solution of the product from Step H (22.0 g, 63.8 mmol) in 
ethyl acetate (150 mL) was vigorously stirred at 0°C with saturated 
sodium bicarbonate (150 mL). Chloroacetyl chloride (5.6 mL, 70.2 mmol) 
was added dropwise, and the reaction stirred at 0°C for 2h. The layers 
were separated, and the ethyl acetate phase was washed with 10% citric 
acid and saturated brine, and dried over sodium sulfate. After 
concentration in vacuo, the resulting crude product (27.6 g) was 
dissolved in DMF (300 mL) and cooled to 0°C under argon. Cesium 
carbonate (63.9 g, 196 mmol) was added, and the reaction was stirred for 
two days, allowing it to warm to room temperature. Another portion of 
cesium carbonate (10 g, 30 mmol) was added, and the reaction was 
stirred for 16 hours. The DMF was distilled in vacuo, and the residue 
partitioned between ethyl acetate and water. The organic phase was 
washed with saturated brine, and dried over sodium sulfate. The crude 
product was chromatographed on silica gel with 20-25% ethyl acetate in 
hexane to obtain the title compound. 

Step J: (S)-4-(terf-butoxycarbonylM-(3-chlorophenyl)-5-[2- 

(methanesulfonvl)ethvnDiDerazin-2-onR 

A solution of the product from Step I (14.2 g, 37 mmol) in 
methanol (300 mL) was cooled to 0°C, and a solution of magnesium 
monoperoxyphthalate (54.9 g, 111 mmol) in 210 mL MeOH was added 
over 20 minutes. The ice bath was removed, and the solution was 
allowed to warm to room temperature. After 45 minutes, the reaction 
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was concentrated in vacuo to half the original volume, then quenched by 
the addition of 2N Na2S203 soln. The solution was poured into EtOAc 
and sat NaHC03 solution, and the organic layer was washed with brine, 
dried (Na2S04), filtered, and concentrated in vacuo to provide the crude 
5 sulfone. This material was chroma tographed on silica gel with 60-100% 
ethyl acetate in hexane to obtain the titled compound. 



70 StepK : (S)-l-(3-chlorophenyl)-5-[2-(methanesulfonyl)ethyl] 

pipera.3in-2-Qn.e 

10 Through a solution of Boc-protected piperazinone from Step 

J (1.39 g, 3.33 mmol) in 30 mL of EtOAc at 0°C was bubbled anhydrous 

20 HC1 gas. The saturated solution was stirred for 35 minutes, then 

concentrated in vacuo to provide the hydrochloride salt as a white 
powder. This material was suspended in EtOAc and treated with dilute 
15 aqueous NaHC03 solution. The aqueous phase was extracted with 

25 EtOAc, and the combined organic mixture was washed with brine, dried 

(Na2S04), filtered, and concentrated in vacuo. The resulting amine was 
reconcentrated from toluene to provide the titled material suitable for 
use in the next step. 

30 20 

StepL : (S)-l-(3-chlorophenyl)-4-fl-(4-cyanobenzyl)imidazolyl- 
methyl]-5-[2-(methanesulfony])-ethyl]-2-piperazinone 

dihydrochloride 

35 To a solution of the amine from Step K (898 mg, 2.83 mmol) 

25 and imidazole carboxaldehyde from Step E (897 mg, 4.25 mmol) in 15 mL 
of 1,2-dichloroethane was added sodium triacetoxyborohydride (1.21 g, 
5.7 mmol). The reaction was stirred for 23 hours, then quenched at 0°C 
4Q with sat. NaHC03 solution. The solution was poured into CHCI3, and 

the aqueous layer was back-extracted with CHCI3. The combined 
30 organics were washed with brine, dried (Na2S04), filtered, and 

concentrated in vacuo. The resulting product was purified by silica gel 
45 chromatography (95:5:0.5-90:10:0 EtOAc:MeOH:NH4Cl), and the 

resultant product was taken up in EtO Ac/me thanol and treated with 2.1 
equivalents of 1 M HCl/ether solution. After concentrated in vacuo, the 
35 product dihydrochloride was isolated as a white powder. 

50 
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EXAMPLE 2 

l-(3-chlorophenyl)-441-(4-cyanobenzyl)imidazolyl-methyl]-2-piperazinone 
dihvdrochloride 

5 

Step A : N-(3>chlorophenvnethvlenediamine hydrochloride 

To a solution of 3-chloroaniline (30.0 mL, 284 mmol) in 500 
mL of dichloromethane at 0°C was added dropwise a solution of 4 N HC1 
in 1,4-dioxane (80 mL, 320 mmol HC1). The solution was warmed to 

10 room temperature, then concentrated to dryness in vacuo to provide a 
white powder. A mixture of this powder with 2-oxazolidinone (24.6 g, 
282 mmol) was heated under nitrogen atmosphere at 160°C for 10 hours, 
during which the solids melted, and gas evolution was observed. The 
reaction was allowed to cool, forming the crude diamine hydrochloride 

15 salt as a pale brown solid. 

StepB : iV-(tert-butoxycarbonyl)-iV* , -(3-chlorophenyl) 

ethylenediamine 

The amine hydrochloride from Step A (ca. 282 mmol, crude 
20 material prepared above) was taken up in 500 mL of THF and 500 mL of 

sat. aq. NaHC03 soln., cooled to 0°C, and di-terr-butylpyrocarbonate (61.6 

g, 282 mmol) was added. After 30 h, the reaction was poured into EtOAc, 
washed with water and brine, dried (Na2S04), filtered, and concentrated 

in vacuo to provide the titled carbamate as a brown oil which was used in 
25 the next step without further purification. 

Step C : AM2-(terr-butoxycarbamoyl)ethyl] -iV-(3-chlorophenyl)-2- 

chloroacetamide 

A solution of the product from Step B (77 g, ca. 282 mmol) 
30 and triethylamine (67 mL, 480 mmol) in 500 mL of CH2CI2 was cooled to 

0°C. Chloroacetyl chloride (25.5 mL, 320 mmol) was added dropwise, 
and the reaction was maintained at 0°C with stirring. After 3 h, another 
portion of chloroacetyl chloride (3.0 mL) was added dropwise. After 30 
min, the reaction was poured into EtOAc (2 L) and washed with water, 
35 sat. aq. NH4CI soln, sat. aq. NaHC03 soln., and brine. The solution was 
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25 



dried (Na2S04), filtered, and concentrated in vacuo to provide the chloro- 
acetamide as a brown oil which was used in the next step without 
further purification. 

5 Step D : 4^er^butoxvcarbonyD-l-(3-chlorophenyI)-2-piperazinone 
To a solution of the chloroacetamide from Step C (ca. 282 
mmol) in 700 mL of dry DMF was added K2CO3 (88 g, 0.64 mol). The 

solution was heated in an oil bath at 70-75°C for 20 hours, cooled to room 
temperature, and concentrated in vacuo to remove ca. 500 mL of DMF. 
10 The remaining material was poured into 33% EtOAc/hexane, washed 
with water and brine, dried (Na2S04), filtered, and concentrated in 

vacuo to provide the product as a brown oil. This material was purified 
by silica gel chromatography (25-50% EtOAc/hexane) to yield pure 
product, along with a sample of product (ca. 65% pure by HPLC) 
15 containing a less polar impurity. 



StepE : l-(3-chlorophenvl)-2-piperazinone 

Through a solution of Boc-protected piperazinone from 

Step D (17.19 g, 55.4 mmol) in 500 mL of EtOAc at -78°C was bubbled 
30 20 anhydrous HC1 gas. The saturated solution was warmed to 0°C, and 

stirred for 12 hours. Nitrogen gas was bubbled through the reaction to 

remove excess HC1, and the mixture was warmed to room temperature. 

The solution was concentrated in vacuo to provide the hydrochloride as 
35 a white powder. This material was taken up in 300 mL of CH2CI2 and 

25 treated with dilute aqueous NaHC03 solution. The aqueous phase was 

extracted with CH2CI2 (8 x 300 mL) until tic analysis indicated complete 

extraction. The combined organic mixture was dried (Na2S04), filtered, 
40 and concentrated in vacuo to provide the titled free amine as a pale 

brown oil. 

30 

StepF : l-(3-chlorophenyl)-4-[l-(4-cyanobenzyl)imidazolylmethyl]-2- 

45 piperazinone difryaxQchloride 

To a solution of the amine from Step E (55.4 mmol, prepared 
above) in 200 mL of 1,2-dichloroethane at 0°C was added 4A powdered 
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molecular sieves (10 g), followed by sodium triacetoxyborohydride (17.7 g, 
83.3 mmol). The imidazole carboxaldehyde from Step E of Example 4 
(11.9 g, 56.4 mmol) was added, and the reaction was stirred at 0°C. After 
26 hours, the reaction was poured into EtOAc, washed with dilute aq. 
5 NaHC03, and the aqueous layer was back-extracted with EtOAc. The 
combined organics were washed with brine, dried (Na2S04), filtered, 
and concentrated in vacuo. The resulting product was taken up in 500 
mL of 5:1 benzene :CH2Cl2, and propyl-amine (20 mL) was added. The 
mixture was stirred for 12 hours, then concentrated in vacuo to afford 
10 a pale yellow foam. This material was purified by silica gel chroma- 
tography (2-7% MeOH/CH2Cl2)> and the resultant white foam was taken 
up in CH2CI2 and treated with 2.1 equivalents of 1 M HCl/ether solution. 
After concentrated in vacuo, the product dihydrochloride was isolated as 
a white powder. 

15 

EXAMPLE 2A 

l-(3-chlorophenyl)-4-[l-(4-cyanobenzyl)imidazolvl-methvl|-2- piperazinone 

hydrochloride (Compound A) 

20 Stepl: Preparation of p-Cva nobenzvl amine • HgPCUsalt 

NH 2 -H 3 P0 4 

9 

CN 

A slurry of HMTA in 2.5 L EtOH was added gradually over 
about 30 min to about 60 min to a stirred slurry of cyanobenzyl-bromide 
in 3.5 L EtOH and maintained at about 43-53 °C with heating & cooling in 
25 a 22L neck flask (small exotherm). Then the transfer of HMTA to the 
reaction mixture was completed with the use of 1.0 L EtOH. The 
reaction mixture was heated to about 68-73 °C and aged at about 68-73 °C 
for about 90 min. The reaction mixture was a slurry containing a 
granular precipitate which quickly settled when stirring stopped. 
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The mixture was cooled to a temperature of about 50 °C to 
about 55 °C. Propionic acid was added to the mixture and the mixture 
was heated and maintained at a temperature of about 50 °C to about 55 
°C. Phosphoric acid was gradually added over about 5 min to about 10 
5 min, maintaining the reaction mixture below about 65 °C to form a 
precipitate-containing mixture. Then the mixture was gradually 
warmed to about 65 °C to about 70 °C over about 30 min and aged at about 
65 °C to about 70 °C for about 30 min. The mixture was then gradually 
cooled to about 20-25 °C over about 1 hour and aged at about 20-25 °C for 

10 about 1 hour. 

The reaction slurry was then filtered. The. filter cake was 
washed four times with EtOH, using the following sequence, 2.5 L each 
time. The filter cake was then washed with water five times, using 300 
mL each time. Finally, the filter cake was washed twice with MeCN (1.0 

15 L each time) and the above titled compound was obtained. 

Step 2 : Preparation of l-(4-Cyanobenzyl)-2-Mercapto-5- 

Hydroxymethylimidguole 




20 7% water in acetonitrile (50 mL) was added to a 250 mL 

roundbottom flask. Next, an amine phosphate salt (12.49 g), prepared as 
described in Step 1, was added to the flask. Next potassium thiocyanate 
(6.04 g) and dihydroxyacetone (5.61 g) was added. Lastly, propionic acid 
(10.0 mL) was added. Acetonitrile/water 93:7 (25 mL) was used to rinse 

25 down the sides of the flask. This mixture was then heated to 60 °C, aged 
for about 30 minutes and seeded with 1% thioimidazole. The mixture 
was then aged for about 1.5 to about 2 hours at 60 °C. Next, the mixture 
was heated to 70 °C, and aged for 2 hours. The temperature of the 
mixture was then cooled to room temperature and was aged overnight. 
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The thioimidazole product was obtained by vacuum filtration. The filter 
cake was washed four times acetonitrile (25 mL each time) until the 
filtrates became nearly colorless. Then the filter cake was washed three 
times with water (approximately 25-50 mL each time) and dried in vacuo 
to obtain the above-identified compound. 

Step 3: Preparation of l-f4-Cv anobenzvl)-5-Hvdroxvmethvlimidazole 




A 1L flask with cooling/heating jacket and glass stirrer 
(Lab-Max) was charged with water (200 mL) at 25 °C. The thioimidazole 
(90.27 g), prepared as described in Step 2, was added, followed by acetic 
acid (120 mL) and water (50 mL) to form a pale pink slurry. The reaction 
was warmed to 40 °C over 10 minutes. Hydrogen peroxide (90.0 g) was 
added slowly over 2 hours by automatic pump maintaining a 
temperature of 35-45 °C. The temperature was lowered to 25 °C and the 
solution aged for 1 hour. 

The solution was cooled to 20 °C and quenched by slowly 
adding 20% aqueous Na2S03 (25 mL) maintaining the temperature at 
less than 25 °C. The solution was filtered through a bed of DARCO G-60 
(9.0 g) over a bed of SolkaFlok (1.9 g) in a sintered glass funnel. The bed 
was washed with 25 mL of 10% acetic acid in water. 

The combined filtrates were cooled to 15 °C and a 25% 
aqueous ammonia was added over a 30 minute period, maintaining the 
temperature below 25 °C, to a pH of 9.3. The yellowish slurry was aged 
overnight at 23 °C (room temperature). The solids were isolated via 
vacuum filtration. The cake (100 mL wet volume) was washed with 2 x 
250 mL 5% ammonia (25%) in water, followed by 100 mL of ethyl acetate. 



- 339 - 



WO 00/59930 



PCT/US00/08762 



The wet cake was dried with vacuum/N2 flow and the above-titled 
compound was obtained. 

1H NMR (250 MHz, CDCI3): 5 7.84-7.72 (d, 2H), 7.31-7.28 (d, 2H), 6.85 (s, 
1H), 5.34 (s, 2H), 5.14-5.11 (t, 1H), 4.30-4.28 (d, 2H), 3.35 (s, 1H). 



Preparation of l-(4-cyanobenzyl)-5-chloromethyl imidazole 
HC1 salt 




l-(4-Cyanobenzyl)-5-hydroxymethylimidazole (1.0 kg), 
10 prepared as described in above in Step 3, was slurried with DMF (4.8 L) 
at 22 °C and then cooled to -5 °C. Thionyl chloride (390 mL) was added 
dropwise over 60 min during which time the reaction temperature rose 
to a maximum of 9 °C. The solution became nearly homogeneous before 
the product began to precipitate from solution. The slurry was warmed 
15 to 26 °C and aged for 1 h. 

The slurry was then cooled to 5 °C and 2-propanol (120 mL) 
was added dropwise, followed by the addition of ethyl acetate (4.8 L). The 
slurry was aged at 5 °C for 1 h before the solids were isolated and washed 
with chilled ethyl acetate (3 x 1 L). The product was dried in vacuo at 40 
20 °C overnight to provide the above-titled compound. 

1 H NMR (250 MHz DMSO-d6): 5 9.44 (s, 1H), 7.89 (d, 2H, 8.3 Hz), 7.89 (s, 

1H), 7.55 (d, 2H, 8.3 Hz), 5.70 (s, 2H), 4.93 (s, 2H). 13 C NMR (75.5 MHz 
DMSO-d6): 5 C 139.7, 137.7, 132.7, 130.1, 128.8, 120.7, 118.4, 111.2, 48.9, 33.1. 
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Step 5 : Preparation of l-(4-Cyanobenzyl)-5-Chloromethyl Imidazole 
HCI salt via addition of Hydroxymethylimidazole to 
Vilsmeier Reagent 




HCI 



5 To an ice cold solution of dry acetonitrile (3.2 L, 15 L/Kg 

hydroxymethylimidazole) was added 99% oxalyl chloride (101 mL, 1.15 
mol, 1.15 equiv.), followed by dry DMF (178 mL, 2.30 mol, 2.30 equiv.), at 
which time vigorous evolution of gas was observed. After stirring for 
about 5 to 10 min following the addition of DMF, solid 

10 hydroxymethylimidazole (213 g, 1.00 mol), as described above in Example 
7, was added gradually. After the addition, the internal temperature 
was allowed to warm to a temperature of about 23 °C to about 25 °C and 
stirred for about 1 to 3 hours. The mixture was filtered, then washed 
with dry acetonitrile (400 mL displacement wash, 550 mL slurry wash, 

15 and a 400 mL displacement wash). The solid was maintained under a 
N2 atmosphere during the filtration and washing to prevent hydrolysis 
of the chloride by adventitious H2O. This yielded approximately 93 to 
about 96% crystalline form of the chloromethylimidazole hydrochloride. 
% NMR (250 MHz DMSO-de): 6 9.44 (s ; 1H), 7.89 (d, 2H, 8.3 Hz), 7.S9 <s, 

20 1H), 7.55 (d, 2H. 8.3 Hz), 5.70 (s, 2H), 4.93 (s. 2H). 13 C NMR (75.5 MHz 

DMSO-de): 8 C 139.7, 137.7, 132.7, 130.1, 128.8, 120.7, 118.4, 111.2, 48.9, 33.1. 
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Step 6 : 



Synthesis of the Amide Alcohol (1) 




CI 



HO 



0) 



At 22 °C, 3-chloroaniline (50.0 g) was combined with 460 ml 



isopropyl acetate and 20% aqueous potassium bicarbonate (72.5 g 
5 dissolved in 290 ml water). The biphasic mixture was cooled to 5 °C and 
chloroacetyl chloride (42 ml) was added drop wise over 30 minutes, 
keeping the internal temperature below 10 °C. The reaction mixture 
was warmed to 22 °C over 30 min. The aqueous layer was removed at 
22°C and ethanol amine (92 ml) was added rapidly. The reaction mixture 

10 was warmed to 55°C over 30 minutes and aged for 1 hour. At 55 °C, 140 
ml water was added with 30 ml isopropyl acetate to the reaction mixture. 
The biphasic reaction mixture was agitated for 15 minutes at 55°C. The 
layers were allowed to settle and the aqueous layer was removed. The 
organic layer was cooled to 45 °C and seed was added. The mixture was 

15 cooled to 0 °C over 1 hour and aged for 1 hour. The solids were filtered 
and washed with chilled isopropyl acetate (2 x 75 ml). The solids were 
dried in vacuo at 40 °C for 18 hours to provide about an 83.5% yield of the 
amide alcohol (1). 

*H NMR (300 MHz; DMSO-d6) 5 7.85 (t, 1H 2.0 Hz), 7.52 (m, 1H), 7.32 (t, 



20 1H, 8.0 Hz), 4.5-4.8 (br s, 1H), 3.47 (t, 1H, 5.5 Hz), 3.30 (s, 1H), 2.60 (t, 1H 
5.0 Hz). 

13 C NMR (75.4 MHz; DMSO-dfi) 5 C 170.9, 140.1, 133.0, 130.3, 122.8 118.5, 
117.5, 60.3, 52.7, 51.5. 
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Step 7 : Synthesis of l-(3-Chlorophenyl)-2-Piperazinone 
Hydrochloride with DIAD 




O 



58 mL of EtOAc was charged to an N 2 -purged flask. 
Tributylphosphine (28.3 mL, 113.8 mmol) was added, via syringe, and 
the solution was cooled to about -10°C. DIAD (22.4 mL, 113.8 mmol) was 
added dropwise over 30 minutes, maintaining the temperature at < 0 °C. 
The above mixture was cannulated into a slurry of an amide alcohol 
(20.0 g, 87.5 mmol), prepared as described above in Step 6, in 117 mL 
EtOAc over 20 minutes, maintaining the temperature at < 0 °C. The 
reaction was warmed to room temperature over 25 minutes. 99% 
conversion was observed by LC assay. Water (0.55 mL) was then added, 
and the reaction was warmed to 40 °C. The solution was seeded with 200 
mg of authentic material, and 1.0 eq. HC1 (4.0 N in abs. EtOH) was added 
dropwise over 2 hours. The slurry was cooled to 0 °C over 2 hours and 
aged at 0 °C for 1 hour. The mixture was filtered, and the cake was 
washed with chilled EtOAc (3x16 mL). The cake was dried in vacuo 
overnight at 40 °C to afford about a 77% yield of the above-titled 
compound. 

Step 8 : Preparation of l-(3-chlorophenyl)-4-[l-(4-cyanobenzyl)-5- 
imida^olylmethyll-2-piperazinQne (Crystal Form I) 




A 50 L four-neck flask, equipped with a mechanical stirrer, 
cooling bath, teflon -coated thermocouple, and nitrogen inlet was 
charged with 4.0 L of acetonitrile. Then 4-cyanobenzyl- 



- 343 - 



WO 00/59930 



PCT/US00/08762 



chloromethylimidazole hydrochloride (958 g, 3.36 mol), prepared as 
described in Step 4, piperazinone hydrochloride (883 g, 3.54 mol), 
prepared as described in Step 7, and the remaining 1.25 L of acetonitrile 
were added to the flask at room temperature. Diisopropylethyl amine 
5 (1.99 L, 11.4 mol) was added to the mixture. The bulk of the solid 

dissolved immediately upon addition of diisopropylethylamine, leaving a 
slightly turbid solution. 

After stirring 30 min, the solution was cooled to 0 °C over 60 
min. The solution was stirred 26 h at 0 °C, then warmed to 20 °C over 20 

10 min. Water (2 L) was added to the slightly turbid solution over 20 min. 
Authentic seed was added to 8 L of water, which was subsequently added 
to the solution over 70 min. Additional water (17 L) was added over 90 
min, and the mixture was aged 60 min thereafter. The temperature 
throughout the addition and aging was from about 20°C to about 22 °C. 

15 The mixture was filtered through a polypropylene filter pot. The crystals 
were washed with 1:5 acetonitrile/water. The crystalline solid was dried 
by passage of nitrogen through the filter cake (36 h) to provide the above- 
titled compound. 

I3C NMR (62.9 MHz, CDC1 3 ): 5 165.2, 142.7, 142.1, 139.4, 134.8, 
20 133.0, 131.0, 130.2, 127.3, 127.1, 126.3, 126.0, 123.9, 118.1, 112.0, 
57.7, 50.6, 49.9, 148.8, 148.3. 

Step 9 : Preparation of l-(3-chlorophenyl)-4-[l-(4-cyanobenzyl)-5- 
imidazolylmethyll-2-piperazmQne«HCl 



25 




An IPA/toluene mixture (7 L) is made up as a 69:31 wt% 
ratio by mixing EPA (3.90 Kg, 4.97 L) and toluene(1.76 Kg, 2.03 L). 

A pre-weighed 1 L graduated cylinder was charged with 
IPA (500 mL, 392 g). The cylinder was cooled to 0 °C. Gaseous HC1 was 
30 bubbled into the IPA until a volume change of roughly +80 mL was 
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observed. The new weight of the cylinder and its contents indicated that 
140 g HC1 (3.84 moles) had been charged, making up a 6.62 M solution 
(or 7.22 molal solution). An aliquot (500 mL, 458 g) was transferred to a 
5 L flask. To this solution was added toluene (192 mL, 166 g) and the 
69:31 IPA/toluene mixture (2.07 Liters, 1.7 Kg). 

A 22 L flask was charged with the free base form of l-(3- 
chlorophenyl)-4-[l-(4-cyanobenzyl)-5-imidazolylmethyl]-2-piperazinone, 
prepared as described above in Step 8. The 69:31 IPA/toluene mixture 
(11.0 L) was added to this flask, which resulted in dissolution of the solid. 
The solution was heated to 40 °C. The hot solution was filtered through 
an in-line filter into a pre-heated (40 °C) 22 L flask. The dissolution flask 
was further washed with the 69:31 IPA/toluene solution (0.5 L), which 
was transferred to the crystallization flask through the in-line filter. 
The in-line filter was replaced with a 4 L addition funnel. 

The 1.21 M HC1 solution (1.93 L, 1.63 Kg, 2.34 moles, 0.99 
equiv.) was charged to the addition funnel. A fraction of the HC1 
solution (0.19 Liters, 0.23 moles, 0.10 equiv.) was added to the solution of 
free base over 10 min, whereupon the solution was seeded. After aging 
the thin slurry for 10-15 min, the remaining HC1 solution was added 
over 2 h. The thick mixture was cooled to -10 °C over 2 h, aged for 30 
min, then filtered. The crystals were washed with ice-cold 69:31 
IPA/toluene and was then washed three times with ice-cold IPA. The 
crystals were dried under vacuum with a nitrogen stream and the 
above-titled compound was obtained. 

EXAMPLE 3 

4-[l-(5-Chloro-2-oxo-2H-[l,2 , lbipyridinyl-5'-ylmethyl)-lH-pyrrol-2- 
vlmethyll -bengonitrjle : __ 

Step I: 5-Chloro-5 , -methvl-[1.2'1bipvridinvl-2-one 

5-Chloro-2-pyridinol (2.26g, 17.4 mmol), 2-bromo-5- 
methylpyridine (3.00g, 17.4 mmol), copper (0.022g, 0.35 mmol) and 
K2CO3 (2.66g, 19.2 mmol) were heated at 180°C for 16 hrs. The brown 
reaction mixture was cooled, diluted with EtOAc and washed with 
saturated NaHC03. The aqueous layer was extracted with EtOAc (2x) 
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and the combined organic extracts were washed with brine, dried 
(Na2S04) and evaporated in vacuo. The residue was chromatographed 
(silica gel, EtOAc: CH2CI2 20:80 to 50:50 gradient elution) to afford the 
title compound as a white solid. 
5 2 H NMR (400 MHz, CDCI3) 5 8.37 (s, 1H), 7.96(d, J=3.0Hz, 1H), 7.83 (d, 
J=8.4Hz, 1H), 7.65(dd, J=2.4 and 8.2Hz, 1H), 7.32(dd, J=2.9 and 9.7 Hz, 
1H), 6.61(d, J=9.7Hz, 1H) and 2.39(s,3H)ppm. 

Step 2 : 5 , -Bromomethvl-5-chloro-(1.2'lbipvridinvI-2-one 
10 A solution of the pyridine from Step Kl.OOg, 4.53 mmol), N- 

bromosuccinimide (0.8 lg, 4.53 mmol) and AIBN (0.030g, 0.18 mmol) in 
CCI4 (40mL) was heated at reflux for 2 hrs. The solids were filtered and 

the filtrate collected. The solvent was evaporated in vacuo and the 
residue chromatographed (silica gel, EtOAc: CH2CI2 25:75 to 50:50 
15 gradient elution) to afford the title bromide. 

X H NMR (400 MHz, CDCI3) 8 8.55 (s, 1H), 8.04( d, J= 2.9 Hz, 1H), 8.01 (d, 
J=8.4Hz, 1H), 7.88 (dd, J=2.4 and 8.6Hz, 1H), 7.34(dd, J= 2.9 and 9.8Hz, 
1H), 6.61(d, J=9.9Hz, 1H) and 4.51 (s,2H) ppm. 

20 Step 3 : 4-[l-(5-Chloro-2-oxo-2H-[l,2']bipyridinyl-5 , -ylmethyl)-lH- 

pvrrol-2-vlmethvll-benzonitrile hydrochloride 

The bromide from Step 2 (0.750g, 2.50 mmol) and the 4-(l- 
trityl-lH-imidazol-4-ylmethyl)-benzonitrile (1.06g, 2.50 mmol) in CH3CN 

(10 mL) were heated at 60°C. The reaction was cooled to room tempera- 
25 ture and the solids collected by filtration and washed with EtOAc (lOmL). 
The solid was suspended in methanol (50 mL) and heated at reflux for 1 
hr, cooled and the solvent evaporated in vacuo. The sticky residue was 
stirred in EtOAc (40mL) for 4 hrs and the resulting solid hydrobromide 
salt collected by filtration and washed with EtOAc (40mL) and dried in 
30 vacuo. The hydrobromide salt was partitioned between sat. NaHC03 
and CH2CI2 and extracted with CH2CI2. The organic extracts were 
dried (Na2S04) and evaporated in vacuo. The residue was 
chromatographed (silica gel, MeOH: CH2CI2 4:96 to 5:95 gradient 
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elution) to afford the free base which was converted to the hydrochloride 
salt to afford the title compound as a white solid. 
X H NMR (400 MHz, CD3OD) 5 9.11 (s, 1H), 8.35 (s, 1H), 8.03(d, J=2.9Hz, 
1H), 7.83 (d, J=8.4 Hz, 1H), 7.76 (dd, J=2.4 and 9.6Hz, 1H), 7.68-7.58 (m, 
3H), 7.48 (s, 1H), 7.31(d, J=8.6Hz, 2H), 6.68 (d, J=9.3Hz, 1H), 5.53 (s, 2H) 
and 4.24 (a, 2H) ppm. 

Analysis: Calc for C22HI6N5OCI: 1.75 HC1, 0.15 EtOAc 

C 56.69, H 3.99, N 14.62 
Found: C 56.72, H 4.05, N 14.54 

EXAMPLE 4 

Preparation of (R)-l-(3-chlorophenyl)-4-[l-(4-cyanobenzyl)-5- 
imidazolylmethyl]-5- [2-(ethanesulfonyl)methyl] -2-piperazinone 
^hydrochloride 

Step A: Preparation of (R^2-(terr-butoxycarbonylaiiiino)-iV-(3- 

chlorophenvl)-3-r(triphenvlmethvl)thiol-l-propanamine 
To a solution of 3-chloro aniline (0.709 mL. 6.70 mmol) in 30 
mL of dichloromethane at room temperature was added 1.2 g of crushed 
4A molecular sieves. Sodium triacetoxyborohydride (3.55 g, 16.7 mmol) 
was added, followed by dropwise addition of Af-methylmorpholine to 
achieve a pH of 6.5. LrS-Trityl-iV-Boc-cysteinal (3.15 g, 7.04 mmol) 
(prepared according to S.L. Graham et al. J. Med. Chem., (1994) Vol. 37, 
725-732) was added, and the solution was stirred for 48 hours. The 
reaction was quenched with sat. aq. NaHC03, diluted with EtOAc, and 
the layers were separated. The organic material was washed with 
brine, dried (Na2S04), filtered, and concentrated in vacuo to provide an 
oil which was purified by silica gel chromatography (15% 
EtOAc/hexane) to give the title amine. 
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10 



15 



Preparation of (R)-iV-|2-(ierNbutoxycarbonylamino)-3- 
((triphenylmethyl)thio)propyl]-2-chloro-iV-(3- 

chlorophenvPacetamide 

The aniline derivative from Step A (2.77 g, 4.95 mmol) was 
dissolved in 73 mL of EtOAc and 73 mL of sat. NaHC03 soln., then cooled 

to 0°C. With vigorous stirring, chloroacetyl chloride (0.533 mL. 6.69 
mmol) was added dropwise. After 3 hours, the reaction was diluted with 
water and EtOAc, and the organic layer was washed with brine, dried 
(Na2S04), filtered, and concentrated in vacuo to provide crude titled 
10 chloroacetamide which was used without further purification. 

20 Step C : Preparation of (R)-4-(ter*-butoxycarbonyl)- 1-(3- 

chlorophenyl )-5- [S-(triphenylmethyl)thiomethyl] piperazin- 

2-one , 

15 To a solution of chloroacetamide from Step B (3.29 g crude, 

25 theoretically 4.95 mmol) in 53 mL of DMF at 0°C was added cesium 

carbonate (4.84 g, 14.85 mmol). The solution was stirred for 48 hours, 
allowing it to warm to room temperature. The solution was poured into 
EtOAc, washed with water and brine, dried (Na2S04), filtered, and 
30 20 concentrated in vacuo to provide the crude product as an oil. This 

material was purified by silica gel chromatography (20% EtOAc/hexane) 
to yield the product as a white solid. 

35 StepD: Preparation of (R)-4-(*er*-butoxycarbonyl)-l-(3- 

25 chlorophenvl)-5-(thiomethvl)piperazin-2-one 

A solution of piperazinone from Step C (625 mg, 1.04 mmol) 
in degassed EtOAc (38 mL) and EtOH (12 mL) was warmed to 30°C. A 
40 solution of AgN03 (177 mg, 1.04 mmol) and pyridine (0.084 mL, 1.04 

mmol) in 8 mL of EtOH was added, and the solution was heated to 
30 reflux. After 45 minutes, the reaction was concentrated in vacuo, then 
redissolved in 26 mL of degassed EtOAc. Through this solution was 
45 bubbled H2S gas for 2.5 minutes, then activated charcoal was added after 

4 minutes. The material was filtered through celite and rinsed with 
degassed EtOAc, concentrated in vacuo, then reconcentrated from 
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degassed CH2CI2 to provide the crude product which was used without 
further purification. 

Step E: Preparation of (R)-4-(*er*-butoxycarbonyl)-l-(3- 

chlorophenvl)-5-f(ethvlthio)methyl1piperazin-2-one 

A solution of the thiol from Step D (ca. 1.04 ramol) in 3 mL of 
THF was added via cannula to a suspension of NaH (51.4 mg, 60% disp. 
in mineral oil, 1.28 mmol) in 2 mL THF at 0°C. After 10 minutes, 
iodoethane was added (0.079 mL, 0.988 mmol), and the solution was 
stirred for 1.5 hours. The reaction was poured into EtOAc, washed with 
sat. NaHC03 and brine, dried (Na2S04), filtered, and concentrated in 
vacuo to provide the crude product. This material was purified by silica 
gel chromatography (1% MeOH/CH2Cl2) to yield the titled product. 

Step F : Preparation of (R)-4-(terf-butoxycarbonyl)-l-(3- 

chlorophenvl)-5-f(ethanesulfonvnmethvllpi perazin-2-one 
To a solution of the sulfide from Step E (217 mg, 0.563 mmol) 
in 3 mL of MeOH at 0°C was added a solution of magnesium 
monoperoxyphthalate (835 mg, 1.69 mmol) in 2 mL MeOH. The reaction 
was stirred overnight, allowing it to warm to room temperature. The 
solution was cooled to 0 °C, quenched by the addition of 4 mL 2N Na2S203 
soln., then concentrated in vacuo. The residue was partitioned between 
EtOAc and sat NaHC03 solution, and the organic layer was washed 
with brine, dried (Na2S04), filtered, and concentrated in vacuo to provide 
the crude sulfone as a white waxy solid. 

Step G: Preparation of (R)-l-(3-chlorophenyl)-4-[l-(4-cyanobenzyl)-5- 
imidazolylmethyl]-5-[2-(ethanesulfonyl)methyl]-2- 

piperazinone dihvdrochloride 

To a solution of the Boc-protected piperazinone from Step F 
(224 mg, 0.538 mmol) in 5 mL of dichloromethane at 0°C was added 2.5 
mL of triiluoroacetic acid (TFA). After 45 minutes, the reaction was 
concentrated in vacuo, then azeotroped with benzene to remove the 
excess TFA. The residue was taken up in 4 mL of 1,2-dichloroethane 
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and cooled to 0°C. To this solution was added 4A powdered molecular 
sieves (340 mg), followed by sodium triacetoxyborohydride (285 mg, 1.34 
mmol) and several drops of triethylamine to achieve pH = 6. The 
imidazole carboxaldehyde from Step E of Example 42 (125 mg, 0.592 
mmol) was added, and the reaction was stirred at 0°C. After 2 days, the 
reaction was poured into EtOAc, washed with dilute aq. NaHC03, and 
brine, dried (Na2S04), filtered, and concentrated in vacuo. The crude 
product was taken up in methanol and injected onto a preparative HPLC 
column and purified with a mixed gradient of 15%-50% acetonitrile/0. 1% 
TFA; 8o%-50% 0.1% aqueous TFA over 60 minutes. After concentration 
in vacuo, the resultant product was partitioned between 
dichloromethane and aq. NaHCC>3 soln., and the aqueous phase was 
extracted with CH2CI2. The organic solution was washed with brine, 
dried (Na2S04), filtered, and concentrated to dryness to provide the 
product free base, which was taken up in CH2CI2 and treated with 2.1 
equivalents of 1 M HCl/ether solution. After concentrated in vacuo, the 
product dihydrochloride was isolated as a white powder. 

EXAMPLE 5 

Preparation of (±)-19,20-Dihydro-19-oxo-5i/-18,21-ethano- 
12,14-etheno-6,10-metheno-22H-benzo[rf]imidazo(4,3- 
k] [l,6 t 9 t 12]oxatriaza- cvclooctadecine-9-carbonitrile.dihvdrochloride 



Step A: Preparation of N-(7-hydroxy-l-naphthyl)-2-[(2- 

(hvdroxv)ethvl)aminol acetamide 

To a solution of 8-amino-2-naphthol (15.00 g, 94.2 mmol) in 

300 mL of isopropyl acetate and 250 mL of saturated NaHC03 solution at 




- 350 - 



WO 00/59930 



PCT/USOO/08762 



0°C was added chloroacetyl chloride (18.75 mL, 235 mmol). 30 minutes, 
the layers were separated, and the organic layer was filtered through a 
glass frit to remove insolubles. Ethanolamine was added (20.9 mL, 377 
mmol), and the reaction was warmed to 50°C for 2 hours, then cooled to 
5 room temperature. The solution was poured into EtOAc, washed with 
water and brine, dried (Na2S04), filtered, and concentrated in vacuo. 

The titled product was obtained as a dark brown solid which was used in 
the next reaction without further purification. 



10 StepB : Preparation of N-(7-hydroxy-l-naphthyl)-2-[(2- 

(hydroxv)ethvl )fert-butoxycarbonyl aminol acetamide 
To a solution of the product from Step A (7.50 g, 28.8 mmol) 
in 100 mL of tetrahydrofuran at 0°C was added di-fert-butyldicarbonate 
(6.29 g, 28.8 mmol). After 1.5 hours, the solution was concentrated in 
15 vacuo to provide the titled product as a dark brown foam which was used 
in the next reaction without further purification. 



StepC : Preparation of 4-ierf-butoxycarbonyl-l-(7-hydroxy-l- 

naphthyl)-2-piperazinone 

30 20 To a solution of di-*er*-butylazodicarboxylate (10.81 g, 43.2 

mmol) in 60 mL of tetrahydrofuran at 0°C was added tributylphosphine 

(10.76 mL, 43.2 mmol) dropwise. After 10 minutes, a solution of the 

crude product from Step B (ca. 28.8 mmol) in 30 mL of tetrahydrofuran 
35 was added dropwise, and the reaction was allowed to warm to room 

25 temperature. After two hours, HPLC analysis showed partial 

conversion. The solution was cooled to 0°C, and additional portions of 

tributylphosphine (3.0 mL, 18 mmol) and di-ferf-butylazodicarboxylate 
40 (4.6 g, 18 mmol) were added. The reaction was warmed to room 

temperature, and stirred for 16 hours. The solution was concentrated in 
30 vacuo, and the resulting product was purified by silica gel 

chromatography (0-5% MeOH/CH2Cl2) to provide the titled product as a 
45 dark brown foam, contaminated with tributylphosphine oxide impurity. 

This material was used in the next reaction without further 

purification. 

35 

50 

- 351 - 



55 



WO 00/59930 



PCT/US00/08762 



StepD: Preparation of l-(7-benzy loxy- l-naphthyl)-4-tert- 

butoxvcarbonvl-2-pip erazinone 

To a solution of the product from Step C (ca. 28.8 mmol) in 
150 mL of acetone was added potassium carbonate (20.0 g, 145 mmol), 
followed by benzyl bromide (3.45 mL, 29 mmol). The reaction was heated 
to reflux, and stirred for 18 hours. After cooling to room temperature, 
the solution was concentrated in vacuo to a 50 mL volume, poured into 
EtOAc, washed with sat. aq. NaHC03 and brine, dried (Na2S04), 
filtered, and concentrated in vacuo. The crude product mixture was 
purified by silica gel chromatography (40-50% EtOAc/hexane) to provide 
the titled compound as a pale brown foam. 

StepE: Preparation of l-(7-benzyloxy-l-naphthyl)-2-piperazinone 

hydrochloride 

Through a solution of the product from Step D (1.244 g, 2.88 
mmol) in 50 mL of ethyl acetate at 0°C was bubbled anhydrous HC1 gas 
for 5 minutes. After 30 minutes, the solution was concentrated in vacuo 
to provide the titled salt as a brown powder (1.064 g) which was used in 
the next reaction without further purification. 

Step F: Preparation of l-(7-benzyloxy-l-naphthyl)-4-[l-(4-cyano- 
3-fluorobenzvl)- 5-imidazolylmethvl1-2-piperazinone 
To a solution of the crude amine hydrochloride from Step E 
(2.88 mmol) in 15 mL of 1,2-dichloroe thane was added 4A powdered 
molecular sieves (2.0 g), followed by sodium triacetoxyborohydride (911 
mg, 4.32 mmol). The aldehyde from Step G of Example 1 was added (659 
mg, 2.88 mmol), and the reaction was stirred for 40 minutes. The 
reaction was poured into EtOAc, washed with sat. aq. NaHC03 and 
brine, dried (Na2S04), filtered, and concentrated in vacuo. The titled 
product was obtained as a brown foam which was used in the next 
reaction without further purification. 
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Step G : Preparation of l-(7-hydroxy-l-naphthyl)-4-[l-(4-cyano-3- 
fluorobenzyl)-5-imidazolylmethyl]-2-piperazinone 

trifluoroacetate [ 

To a solution of the benzyl ether from Step F (1.563 g, 2.85 
mmol) in 25 mL of 1:1 MeOH/EtOAc was added trifluoroacetic acid (1.0 
mL) and 10% palladium on carbon (900 mg). The solution was stirred 
under a balloon atmosphere of hydrogen at room temperature. After 8 
hours, the solution was filtered through celite, and the filter pad was 
rinsed with 1:1 MeOH/THF. Concentration in vacuo provided the titled 
product as a white foam which was used in the next reaction without 
further purification. 

StepH : Preparation of (±)-19,20-Dihydro-19-oxo-5if-18,21-ethano- 
12, 14-etheno-6, 10-metheno-22£f-benzo [cflimidazo [4,3- 
k] [1,6,9, 12]oxatriaza-cyclooctadecine-9-carbonitrile, 

^hydrochloride 

To a solution of the product from Step G (ca. 2.85 mmol) in 
50 mL of DMSO was added cesium carbonate (2.815 g, 8.64 mmol). The 
reaction was warmed to 55 °C under argon for 45 minutes, then cooled to 
room temperature. The solution was poured into EtOAc and washed 
with water and brine, dried (Na2S04), filtered, and concentrated in 

vacuo. The resulting product was purified by silica gel chromatography 

(5-8% MeOH/CH2Cl2) to provide the product as a pale yellow foam. A 

portion of this was taken up in CH2CI2, treated with excess 1 M 

HCl/ether solution, and concentrated in vacuo to provide the titled 

product dihydrochloride as a pale yellow powder. 

FAB mass spectrum m/e 436.3 (M+l). 

Analysis calculated for C26H2lN5O2«2.10 HC1»1.10 H2O: 

C, 58.77; H, 4.80; N, 13.18; 
Found: C, 58-82; H, 4.79; N, 12.67. 
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EXAMPLE 6 

(+)-19,20-Dihydro-19-oxo-5H-18,21-ethano-12,14-etheno-6,10-metheno- 
22H-benzo[cflimidazo[4,3-A][l,6,9,12]oxatriazacyclooctadecine-9- 
carbomtrile. Enantiomer A di hydrochloride 

A sample of free base of the compound described in 
Example 5, Step H (96 mg in 3 mL of MeOH) was resolved by preparative 
chiral HPLC at 310 nm using a Chiralcel OD 250 x 4.6 mm column, and 
eluting with a 80% ethanol/0.1% diethylamine-hexane at a flow rate of 
1.0 mL/min. The faster eluting product was taken up in CH2CI2, treated 
with excess 1 M HCl/ether solution, and concentrated in vacuo to provide 
the titled product dihydrochloride as a pale white powder. Assay for 
enantiomeric purity (retention time = 8.04 min; Chiralcel OD 25 x 2 mm; 
80-100% gradient: ethanol/0.1% diethylamine-hexane over 45 min; flow 
rate 8.0 niL/min; 310 nm) indicated 96.4% enantiomeric excess. 
Analysis calculated for C26H2lN502*2.15 H02.45 H2O: 

C, 55.97; H, 5.07; N, 12.55; 
Found: C, 56.00; H, 5.11; N, 12.34. 

EXAMPLE 7 

(-)-19,20-Dihydro-19-oxo-5H-18,21-ethano-12,14-etheno-6,10-metheno-22H- 
benzoW]imidazo[4,3^][l,6,9,12]oxatriazacyclooctadecine-9-carbonitrile, 
Enantiomer B dihydrochloride 



The titled product was produced under the same conditions 
described in Example 6. Assay of the slower-eluting product for 
enantiomeric purity (retention time = 13.96 min; Chiralcel OD 25 x 2 
mm; 80-100% gradient: ethanol/0.1% diethylamine-hexane over 45 min; 
flow rate 8.0 mL/min; 310 nm) indicated >99% enantiomeric excess. 
Analysis calculated for C26H2lN5O2»2.00 HO2.30 H2O: 

C, 56.79; H, 5.06; N, 12.74; 
Found: C, 56.80; H, 5.38; N, 12.58. 
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EXAMPLE 8 
l-(3-chlorophenyl)-4-[l-(4-cyano-3-methoxyb 

piperazinone dihvdrochloride 

Step A: Preparation of Methvl 4-Ammo-3-hvdroxvbenzoate 

Through a solution of 4-amino-3-hydroxybenzoic acid (75 
g, 0.49 mol) in 2.0 L of dry methanol at room temperature was bubbled 
anhydrous HC1 gas until the solution was saturated. The solution 
was stirred for 48 hours, then concentrated in vacuo. The product 
was partitioned between EtOAc and saturated aq. NaHCC>3 solution, 
and the organic layer was washed with brine, dried (Na2S04), and 
concentrated in vacuo to provide the titled compound. 

■StepB: Preparation of Methyl 3-HYdrm-4-iodptefl3Pate 

A cloudy, dark solution of the product from Step A (79 g, 
0.47 mol), 3N HC1 (750 mL), and THF (250 mL) was cooled to 0°C. A 
solution of NaN02 (35.9 g, 0.52 mol) in 115 mL of water was added 

over ca. 5 minutes, and the solution was stirred for another 25 
minutes. A solution of potassium iodide (312 g, 1.88 mol) in 235 mL of 
water was added all at once, and the reaction was stirred for an 
additional 15 minutes. The mixture was poured into EtOAc, shaken, 
and the layers were separated. The organic phase was washed with 
water and brine, dried (Na2SC>4), and concentrated in vacuo to 

provide the crude product (148 g). Purification by column 
chromatography through silica gel (0%-50% EtOAc/hexane) provided 
the titled product. 

Step Q: Preparation of Methvl 4-Cvano-3-hvdroxvbenzoate 

A mixture of the iodide product from Step B (101 g, 0.36 
mol) and zinc(II)cyanide (30 g, 0.25 mol) in 400 mL of dry DMF was 
degassed by bubbling argon through the solution for 20 minutes. 
Tetrakis(triphenylphosphine)palladium (8.5 g, 7.2 mmol) was added, 
and the solution was heated to 80°C for 4 hours. The solution was 
cooled to room temperature, then stirred for an additional 36 hours. 
The reaction was poured into EtOAc/water, and the organic layer 
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was washed with brine (4x), dried (Na2S04), and concentrated in 
vacuo to provide the crude product. Purification by column 
chromatography through silica gel (30%-50% EtOAc/hexane) 
provided the titled product. 

Step D : Preparation of Methyl 4-Cvano-3-methoxvbenzoate 

Sodium hydride (9 g, 0.24 mol as 60% wt. disp. mineral 
oil) was aded to a solution of the phenol from Step C (36.1 g, 204 mmol) 
in 400 mL of dry DMF at room temperature. Iodomethane was added 
(14 mL. 0.22 mol) was added, and the reaction was stirred for 2 hours. 
The mixture was poured into EtOAc/water, and the organic layer 
was washed with water and brine (4x), dried (Na2SC>4), and 

concentrated in vacuo to provide the titled. 

StepE: Preparation of 4-Cyano-3-methoxybenzyl Alcohol 

To a solution of the ester from Step D (48.8 g, 255 mmol) 
in 400 mL of dry THF under argon at room temperature was added 
lithium borohydride (255 mL, 510 mmol, 2M THF) over 5 minutes. 
After 1.5 hours, the reaction was warmed to reflux for 0.5 hours, then 
cooled to room temperature. The solution was poured into EtOAc/lN 
HC1 soln. [CAUTION], and the layers were separated. The organic 
layer was washed with water, sat Na2CC>3 soln. and brine (4x), dried 
(Na2SC>4), and concentrated in vacuo to provide the titled product. 

Step F: Preparation of 4-Cvano-3-methoxvbenzvl Bromide 

A solution of the alcohol from Step E (35.5 g, 218 mmol) 
in 500 mL of dry THF was cooled to 0°C. Triphenylphosphine was 
added (85.7 g, 327 mmol), followed by carbontetrabromide (108.5 g, 327 
mmol). The reaction was stirred at 0°C for 30 minutes, then at room 
temperature for 21 hours. Silica gel was added (ca. 300 g), and the 
suspension was concentrated in vacuo. The resulting solid was 
loaded onto a silica gel chromatography column. Purification by 
flash chromatography (30%-50% EtOAc/hexane) provided the titled. 
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Step G : Preparation of l-(4-cyano-3-methoxybenzyl)-5- 

(acetoxvmethvl)-imidazole hvdrobromide 

The titled product was prepared by reacting the bromide 
from Step F (21.7 g, 96 mmol) with the imidazole product from Step B 
of Example 8 (34.9 g, 91 mmol) using the procedure outlined in Step C 
of Example 8. The crude product was triturated with hexane to 
provide the titled product hydrobromide. 

StepH : Preparation of l-(4-cyano-3-methoxybenzyl)-5- 

(hvdroxvmethvl)-imidazole 

The titled product was prepared by hydrolysis of the 
acetate from Step G (19.43 g, 68.1 mmol) using the procedure outlined 
in Step D of Example 1. The crude titled product was isolated both 
directly from extraction or through concentration of the aqueous 
extracts which provided solid material (ca. 100 g) which contained a 
significant quantity of the titled product , as judged by 1 H NMR 
spectroscopy. 

Step I : Preparation of l-(4-cyano-3-methoxybenzyl)-5- 

imidazolecarboxaldehyde 

The titled product was prepared by oxidizing the alcohol 
from Step H (11 g, 45 mmol) using the procedure outlined in Step E of 
Example 1. The titled aldehyde was isolated as a white powder which 
was sufficiently pure for use in the next step without further 
purification. 

Step J : Preparation of l-(3-chlorophenyl)-4-Il-(4-cyano-3- 

methoxybenzyl)-5-imidazolylmethyl]-2-piperazinone 

dihydrochloride 

The titled product was prepared by reductive alkylation 
of the aldehyde from Step I (859 mg, 3.56 mmol) and the amine 
(hydrochloride) from Step E of Example 2 (800 mg, 3.24 mmol) using 
the procedure outlined in Step F of Example 2. Purification by flash 
column chromatography through silica gel (50%-75% acetone 
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CH2CI2) and conversion of the resulting white foam to its 
dihydrochloride salt provided the titled product as a white powder. 
FAB ms (m+1) 437. 

Anal. Calc. for C23H23ClN5O2*2.0HCl*0.35CH2Cl2: 

C, 51.97; H, 4.80; N, 12.98. 
Found: C, 52.11; H, 4.80; N, 12.21. 

EXAMPLE 9 

l-(3-trifluoromethoxyphenyl)- 4- [l-(4-cyano-3-methoxy benzyl)- 5- 
imidazolyl methyll-2-piperazinone dihydrochloride 

l-(3-trifluoromethoxy-phenyl)-2-piperazinone 
hydrochloride was prepared from 3- trifluoromethoxy aniline using 
Steps A-E of Example 2. This amine (1.75 g, 5.93 mmol) was coupled 
to the aldehyde from Step I of Example 8 (1.57 g, 6.52 mmol) using the 
procedure outlined in Step F of Example 2. Purification by flash 
column chromatography through silica gel (60%- 100% acetone 
CH2CI2) and conversion of the resulting white foam to its 

dihydrochloride salt provided the titled product as a white powder. 
FAB ms (m+1) 486. 

Anal. Calc. for C24H23F3N5O3»2.0HCl»0.60H2O: 

C, 50.64; H, 4.46; N, 12.30. 
Found: C, 50.69; H, 4.52; N, 12.13. 

EXAMPLE 10 

4-(3-[4-(-2-Oxo-2-H-pyridin-l-yl)benzyl]-3-H-imidazol-4- 
ylmethyllbenzonitrile 

Step I; 4-Iodobenzyl alcohol 

Methyl 4-iodobenzoate (5g, 19.07 mmol) was suspended in 
THF (100 mL). L1BH4 (40 mmol) was added slowly, via syringe. Reaction 
mixture was heated to 60° for 4 days. IN HC1 was added slowly. Reaction 
mixture was stirred for 1/2 hour then was extracted 3 times with EtOAc. 
The organic layers were combined, washed with saturated NaHC0 3 , 
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brine, dried (MgS0 4 ), filtered and concentrated to give 4-iodobenzyl 
alcohol as a white solid. 

*H NMR (400 MHz, CDClg) 5 7.68 (d, 2H); 7.11 (d, 2H); 4.71 (d, 2H); 1.65 (t, 
1H) 

5 

Step 2; 4-(-3-Qyo-2-H-PYridin-l-Yl)benz yl alcohol 

2-Hydroxypyridine (10.0 mmol; 956 nig) ,4-iodobenzyl alcohol 
(17.09 mmol, 4.0g), K 2 C0 3 (11.0 mmol, 1.52 g), and copper (0.2 mmol, 15 
mg) were mixed under argon and heated to 150° for 16 hours. The solid 

10 was partitioned between saturated NaHC0 3 and EtOAc. The layers were 
separated and the aqueous layer was back extracted twice with EtOAc. 
The organic layers were combined, washed with brine, dried over 
MgS0 4 , filtered and concentrated to yield a yellow oil which was purified 
by flash chromatography (EtOAc) to give pure the title compound as a 

15 crystalline solid. 

X H NMR (400 MHz, CDC1 3 ) 5 7.50 (d, 2H); 7.43-7.41 (m, 4H); 6.68-6.65 (d, 
1H): 6.27-6.23 (t, 1H); 4.75-4. 75( d, 2H); 1.96-1.95 (bt, 1H). 

Step 3: 4-(-2-Oxo-2-H-pyridin-l-yl)benzyl bromide 
20 A solution of NBS (1.59g, 8.94 mmol) and CH 2 C1 2 was cooled 

to 0°. To this solution (under Ar) was added Me 2 S (10.72 mmol, 0.78 mL) 
via syringe. This mixture was then cooled to -20* and added to a solution 
of the benzyl alcohol from Step 2 (1.2g, 5.96 mmol) in CH 2 C1 2 via pipette. 
The reaction mixture was warmed to 0° and stirred for several hours. 
25 The residue was poured into ice water and extracted with CH 2 C1 2 (3x). 
The organic layers were combined, washed with brine, dried (MgS0 4 ), 
filtered and concentrated to give the title compound as a yellow solid, 
which will be used in the next step without further purification. 
! H NMR (400 MHz, CDC1 3 ) 5 7.53-7.51 (d, 2H); 7.37-7.31 (m, 4H); 6.67 (d, 
30 1H); 6.25 (t, 1H); 4.52 (s, 2H). 

Step 4: 4-(l-Trityl-lH-imidazol-4-vlmethvl)-benzonitrile 

To a suspension of activated zinc dust (3.57g, 54.98 mmol) 
in THF (50 mL) was added dibromoethane (0.315 mL, 3.60 mmol) and the 
35 reaction stirred under argon for 45 minutes, at 20°C. The suspension 
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was cooled to 0°C and cc-bromo-p-tolunitrile (9.33g, 47.6 mmol) in THF 
(100 mL) was added dropwise over a period of 10 minutes. The reaction 
was then allowed to stir at 20°C for 6 hours and bis(triphenyl- 
phosphine)Nickel II chloride (2.40g, 3.64 mmol) and 5-iodotrityl 
5 imidazole (15.95g, 36.6 mmol) were added in one portion. The resulting 
mixture was stirred 16 hours at 20°C and then quenched by addition of 
saturated NH4CI solution (100 mL) and the mixture stirred for 2 hours. 
Saturated aq. NaHC03 solution was added to give a pH of 8 and the 
solution was extracted with EtOAc (2 x 250 mL), dried (MgS04) and the 
10 solvent evaporated in vacuo. The residue was chroma tographed (silica 
gel, 0-20% EtOAc in CH2C12) to afford the title compound as a white 
solid. 

*H NMR (CDCI3, 400Mz) 5 (7.54 (2H, d, J=7.9Hz), 7.38(1H, s), 7.36-7.29 
(11H, m), 7.15-7.09(6H, m), 6.58UH, s) and 3.93(2H, s) ppm. 

15 

Step 5: 4-{3-[4-(2-Oxo-2-H-pyridm-l-yl)benzyl]-3-H^ 

vlmethvll benzonitrile 

4-(-2-Oxo-2-H-pyridin- l-yl)benzyl bromide from Step 3 (1.7 
mmol, 450 mg) and 4-(l-trityl-lH-imidazol-4-ylmethyl)-benzonitrile (1.7 

20 mmol) were suspended in CH3CN and heated to reflux for 3 hours. The 
reaction mixture was concentrated and the residue taken up in MeOH 
and refluxed for 2 hours. The MeOH was removed in-vacuo. The 
resulting oil was partitioned between EtOAc and saturated NaHC0 3 . 
The aqueous layer was extracted twice with EtOAc, The organic layers 

25 were combined, washed with brine, dried (MgS0 4 ), filtered and 

concentrated to yield an oil which was purified by flash chromatography 
using 5% IPA/CHCI3 saturated with NH 3 as an eluent. Pure fractions 
were collected and concentrated to give a white solid. The solids were 
washed with warm 50% EtOAc/Hexane and collected on a frit. The 

30 white solid was collected and dried under high vacuum at 50° for 12 
hours to give the title compound. 

*H NMR (400 MHz, CDC1 3 ) 5 7.58-7.55 (m, 3H); 7.42-7.40 (m, 1H); 7.39 (d, 
2H); 7.27 (s, 1H); 7.20 (d, 2H); 7.04 (d, 2H); 6.67 (d, 1H); 6.27 (t, 1H); 4.97 (s, 
2H); 3.89 (s, 2H). 
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EXAMPLE 11 
4-<144-(5-Chloro-2K)xo-2H-pyridm^ 

benzonitrile 



Stepl : 5>ChlorQ-l-(4-hydroxymethyl-pbQayl)-lH-pyridin-2-one 

5-Chloro-2-pyridinol (0.61g, 4.7 mmol), 4-iodobenzyl-alcohol 
(l.OOg, 4.27 mmol), Copper (0.27g, 4.27 mmol) and K 2 C0 3 (0.65g, 4.70 
mmol) were heated at 180°C for 16 hrs. The brown reaction mixture was 
10 cooled, diluted with EtOAc and washed with saturated NaHC0 3 . The 
aqueous layer was extracted with EtOAc (2x) and the combined organic 
20 extracts were washed with brine, dried (Na 2 S0 4 ) and evaporated in 

vacuo. The residue was chromatographed (silica gel, EtOAc as eluent) 
to afford the title compound as a white solid. 
15 *H NMR (400 MHz, CD 3 OD) 6 7.74 (d,J= 2.7Hz, 1H), 7.59 (dd, J=3.0 and 
25 9.6Hz, 1H), 7.51 (d, J=8.6Hz, 2H), 7.37 (d, J=8.4Hz, 2H), 6.61 (d, J=9.4Hz, 

1H) and 4.67(s,lH) ppm. 

Step 3: ^(4-PrQmomethyl-phe)ayl)-&-chlQrQ-lH-pyridin-2-one 
30 20 To N-bromosuccinimide (0.166g, 0.929 mmol) in CH 2 C1 2 (3 

mL) at 0°C was added dimethylsulfide (0.082 mL, 1.11 mmol). The 
resulting suspension was cooled to -20° C and a solution of the alcohol 
from Step 1 (0.146g, 0.62 mmol) in CH 2 C1 2 was added dropwise over 2 
35 minutes. The reaction mixture was stirred at 0°C for 6 hrs and then 

25 poured into water and extracted with CH 2 C1 2 . The extracts were dried 
(Na 2 S0 4 ) and evaporated in vacuo. The residue was chromatographed 
(silica gel, EtOAc: CH 2 C1 2 1:1 as eluent) to afford the title compound as a 
40 white solid. 

*H NMR (400 MHz, CDC1 3 ) 8 7.54 (d,J= 8.4Hz, 2H), 7.40-7.32 (m, 4H), 6.63 
30 (dd, J=9.7 and 0.7Hz, 1H) and 4.5 l(s,2H) ppm. 

45 Step 3 : 4-(l-l4-(5-Chloro-2-oxo-2H-pvridin-l-vl)-benzvll-lH- imidazol- 

2-ylmethyl|-t?enzQnifrrile 

The bromide from Step 2 (0.154g, 0.516 mmol) and 4-(l-trityl- 
35 lH-imidazol-4-ylmethyl)-benzonitrile (0.22g, 0.516 mmol) prepared as 



50 
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described in Example 10, Step 4, in CH 3 CN (2mL) were heated at 55°C. 
After 18 hr methanol (3 mL) was added and the reaction was heated at 
reflux for 3 hrs, cooled and the solvent evaporated in vacuo. The residue 
was partitioned between sat. NaHC0 3 and CH 2 C1 2 and extracted with 
CH 2 C1 2 . The organic extracts were dried (Na 2 S0 4 ) and evaporated in 
vacuo. The residue was chromatographed (silica gel, MeOH: CH 2 C1 2 
5:95 as eluent) to afford the free base which was converted to the 
hydrochloride salt to afford the title compound as a white solid. 
*H NMR (400 MHz, CD 3 OD) 5 9.03 (s, 1H), 7.80-7.55 (m, 4H), 7.55-7.20 (m, 
7H) 6.64 (d, J=9.7Hz, 1H), 5.45 (s,2H) and 4.18 (a,2H) ppm. 
Analysis: % Calc for C 22 H 17 N 5 CM.O0HCI,0.55 H 2 0, 0.25 CH 3 CN 

C 61.39, H 4.39, N 16.31 
% Found C 61.42, H 4.61, N 16.58 

EXAMPLE 12 

4- [3-(2-Oxo- 1-phenyl- 1 ,2-dihydropyridin-4-ylmethyl)-3H-imidazol-4- 
YlmethyllbenaQniitrile 

Steal: 4-Hvdroxvmethvl-lH- pvridin-2-one 

2-Oxo-l,2-dihydropyridine-4-carboxylic acid methyl ester 
(1.8g, 12.2 mmol) , prepared as described in J. Org. Chem., 26, 428 (1961), 
was suspended in THF(lOOml). A small amount of DMF was added to 
help increase solubility. L1BH4 (61 mmol) was added and the reaction 
was stirred for 18 hours at room temperature. MeOH and H 2 0 are 
added to quench the reaction. The reaction is then concentrated to yield 
a yellow oil. Flash chromatography (5% MeOH/CHCl 3 to 20% 
MeOH/CHCl 3 ) yielded 4-hydroxymethyl-lH-pyridin-2-one as a white 
solid. 

*H NMR (400 MHz, CD 3 OD) 8 7.38-7.36 (lH,d); 6.56 (s, 1H); 6.37-6.36 (d, 
1H); 4.50 s, 2H). 

Step 2: 4-(tert-butvldimethylsilyloxvmethvl)-lH-pvridin-2-one 

4-Hydroxymethyl-lH-pyridin-2-one from Step 1 (1.3g, 10.5 
mmol) was dissolved in DMF. t-Butyl dimethylsilyl chloride (12.6 mmol, 
1.9g) and imidazole (12.6 mmol, 858 mg) were added and the reaction 
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was stirred for 16 hours. The reaction mixture was diluted with EtOAc 
and washed with H 2 0 (2x) and brine. The organic layer was dried 
(MgS0 4 ), filtered and concentrated to yield a yellow oil. Flash 
chromatography (EtOAC) yielded 4-(tert-butyldimethylsilyloxy-methyl)- 
5 lH-pyridin-2-one as an off white solid. 

*H NMR (400 MHz, CDC1 3 ) 5 7.30-7.28 (d, 1H); 6.60 (s, 1H); 6.20-6.18 (d, 
1H); 4.58 (s, 2H); 0.955 (s, 9H); 0.11 (s, 6H). 

Step 3 : 4-(tert-butyl-dimethyl-silanyloxymethylM-phenyl-lH- 

10 pyridin-2-one 

4-(Tert-butyldimethylsilyloxymethyl)-lH-pyridin-2-one from 
Step 2 (1.5g, 6.3 mmol) was dissolved in iodobenzene (189 mmol, 21.12 
mL) and treated with copper (6.3 mmol, 400 mg) and K 2 COa (6.93 mmol, 
958 mg.). The brown slurry was heated to 180° for 16 hrs. The reaction 
15 mixture was cooled, diluted with CHC1 3 and washed with saturated 
NaHC0 3 . The aqueous layer was back extracted with CHCI3 (2x). The 
organic layers were combined, washed with brine, dried (MgS0 4 ), 
filtered and concentrated to yield a yellow oil. Flash Chromatography 
(20% EtOAc/Hexane) yielded 4-(tert-butyl-dimethyl-silanyloxymethyl)-l- 
20 phenyl- lH-pyridin-2-one as a white solid. 

A H NMR (400 MHz, CDC1 3 ) 6 7.49-7.47 (m, 2H); 7.43-7.39 (m, 3H); 7.29- 
7.28 (d, 2H); 6.65 (s, 1H); 6.19 (d, 2H); 4.59 (s, 2H); 0.97 (s, 9H); 0.14 (s, 6H). 

Step 4: 4-Hydroxymethyl-l-phenyl-lH,-pyrijdm-2-one 
25 4-(Tert-butyl-dimethyl-silyloxymethyl)-l-phenyl-lH-pyridin- 
2-one from Step 3 (1.3g) was dissolved in TBAF in 1M THF (15 mL). The 
clear reaction mixture was stirred for 16 hours. The reaction mixture 
was concentrated and purified on a column of silica eluting with 10% 
MeOH/EtOAc to yield 4-hydroxymethyl-l-phenyl-lH-pyridin-2-one as a 
30 tan solid. 

*H NMR (400 MHz, CDC1 3 ) 6 7.5-7.47 (m, 2H); 7.43 (d, 1H); 7.38-7.36 (m, 
2H); 7.32-7.30 (d, 1H) 6.67 (s, 1H); 6.23 (d, 1H) 4.57 (d, 2H). 
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Step 5 : 4-Bromomethvl-l-phenyl-lH-pYTidin-2-one 

4-Hydroxymethyl-l -phenyl- lH-pyridin-2-one from Step 4 
(l.Og, 5 mmol) was dissolved in CH 2 C1 2 . CBr 4 (6 mmol, 2g) was added 
and the reaction mixture was cooled to 0°. PPh 3 (6 mmol, 2.0 g) was 
5 added dropwise in CH 2 C1 2 . The reaction mixture was stirred at 0° for 15 
minutes and then warmed to room temperature. The reaction mixture 
was concentrated and purified on a column of silica eluting with (30 % 
EtOAc /hexane to 50% EtOAc/hexane) to give 4-bromomethyl-l-phenyl- 
lH-pyridin-2-one (8 ,x=H) as a white solid. 
10 *H NMR (400 MHz, CDC1 3 ) S 7.52-7.48 (m, 2H); 7.45-7.43 (d, 1H); 7.38-7.33 
(m, 3H); 6.64 (s, 1H); 6.30-6.28 (d, 1H); 4.25 (d, 2H). 

Step 6 : 4-(l-Tritvl-lH-imidazol-4-vlmethyl)-benzonitrile 

To a suspension of activated zinc dust (3.57g, 54.98 mmol) 

15 in THF (50 mL) was added dibromoethane (0.315 mL, 3.60 mmol) and the 
reaction stirred under argon for 45 minutes, at 20°C. The suspension 
was cooled to 0°C and a-bromo-p-tolunitrile (9.33g, 47.6 mmol) in THF 
(100 mL) was added dropwise over a period of 10 minutes. The reaction 
was then allowed to stir at 20°C for 6 hours and bis(triphenyl- 

20 phosphine)Nickel II chloride (2.40g, 3.64 mmol) and 5-iodotrityl 

imidazole (15.95g, 36.6 mmol) were added in one portion. The resulting 
mixture was stirred 16 hours at 20°C and then quenched by addition of 
saturated NH4CI solution (100 mL) and the mixture stirred for 2 hours. 
Saturated aq. NaHC03 solution was added to give a pH of 8 and the 

25 solution was extracted with EtOAc (2 x 250 mL), dried (MgS04) and the 
solvent evaporated in vacuo. The residue was chromatographed (silica 
gel, 0-20% EtOAc in CH2C12) to afford the title compound as a white 
solid. 

lH NMR (CDC13, 400Mz) 6 (7.54 (2H, d, J=7.9Hz), 7.38UH, s), 7.36-7.29 
30 (11H, m), 7.15-7.09(6H, m), 6.58UH, s) and 3.93(2H, s) ppm. 

Step 7 : 4-[3-(2-Oxo-l-phenyl-l,2-dihydropyridm 

imidazol-4-vlmethyilbenzonitrile. hydrochloride 

4-Bromomethyl-l-phenyl-lH-pyridin-2-one from Step 5 (l.lg, 
35 4.1 mmol) and 4-(l-trityl-lH-imidazol-4-ylmethyl)-benzonitrile from Step 
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6 (4.1 mmol, 1.7g) were suspended in CH 3 CN and heated to 80°. After 30 
minutes the reaction became homogeneous. The reaction mixture was 
heated to 80° for 16 hours. The heterogeneous reaction mixture was 
concentrated, taken up in MeOH and refluxed for 1 hour. The reaction 
5 mixture was cooled, diluted with CHC1 3 and washed with saturated 
NaHC0 3 . The aqueous layer was back extracted 4 times with CHC1 3 . 
The organic layers were combined, washed with brine, dried (MgS0 4 ), 
filtered and concentrated to yield a yellow solid which was purified by 
flash chromatography (7% i-PrOH/CHCl 3 saturated with NH 3 ). Purest 

10 fractions were collected and concentrated to yield a white solid which 

was triturated with EtOAc. The solids were filtered, washed with EtOAc 
and dried under hi-vacuum for 16 hours to yield 4- [3-(2-Oxo-l -phenyl- 1,2- 
dihydropyridin-4-ylmethyl)-3H-imidazol-4-ylmethyl]benzonitrile, 
hydrochloride as a white solid. 

15 *H NMR (400 MHz, CDC1 3 ) 5 7.61 (s, 1H); 7.58-757 (d, 2H) 7.52-7.49 (m, 

2H); 7.46-7.44 (d, 1H); 7.34-7.32 (d, 2H); 7.26-7.25 (m, 2H); 6.97 (s, 1H); 6.20 
(s, 1H); 5.77 (d, 1H); 4.77 (d, 2H); 3.96 (s, 2H). 

EXAMPLE 13 

20 Preparation of 4-imidazol-l-ylmethyl-(2-naphthalen-2-yloxy)-benzonitrile 
hydrochloride __ 

Step A: Preparation of 4-bromo-3-fluorobenzoic acid 

4-Bromo-3-fluorotoluene(40.0 g, 0.212 mol) was heated at 90° 

25 C in H2O (200 mL) and pyridine (200 mL) with mechanical stirring 
under Ar. Potassium permanganate (KMn04 ) (67 g, 0.424 mol) was 
added portionwise over 3 h. After 4 h, an HPLC of a filtered sample 
indicated 50 % conversion to the acid. An additional 30 g of KMn04 was 
added and heating continued overnight. HPLC indicated 81% 

30 conversion. Further KMn04 was added portionwise with reaction 

monitoring by HPLC until > 95% conversion was obtained. The reaction 
mixture was filtered through Celite, the filter pad washed with H 2 0, aq 
NaOH and EtOH. The filtrate was concentrated to a small volume, then 
partitioned between 3N NaOH solution and diethyl ether. The aqueous 

35 basic layer was separated, cooled in an ice- H2O bath and acidified 
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slowly with 6N HC1 solution to precipitate the white solid product. This 
was collected by suction filtration and dried at 40 °C. in a vacuum oven 
overnight to give the title compound, mp 190 -192 & C. 
lH NMR (CDCI3) 6 7.83 (dd, 1H, J = 2, 9 Hz), 7.78 (dd, 1H, J = 2, 8 Hz), 

5 7.67 - 7.71 (m, 1H). 

StepB: Preparatio n of 4-bromo-3-fluorobenzvl alcohol 

4- Bromo-3 -11 uoro benzoic acid (40.8 g, 0.187 mol) was 
dissolved in THF (250 ml) with magnetic stirring under Ar in an ice- 
10 H2O bath. The cloudy solution was treated dropwise with borane-THF 

complex (1 M) (374 mL, 0.374 mol) over a 1 h period maintaining the 
internal temperature at < 10 °C. The reaction mixture was left to warm 
to ambient temperature overnight, then cooled in an ice H2O bath and 
treated dropwise with H2O ( 150 mL). The THF was removed on a rotary 
15 evaporator, and the residue partitioned between EtOAc and H2O. The 
aqueous layer was extracted with EtOAc (3 x 100 mL), the organic layers 
combined, washed with brine, and dried (N£4S0 4 ), filtered, and 
concentrated to give the title compound as an oil which solidified on 
standing. 

20 *H NMR (CDCI3) 5 7.52 (t, 1H, J = 8 Hz), 7.16 (d, 1H, J = 9 Hz), 7.02 (d, 1H, 
J = 8 Hz), 4.67 (s, 2H), 1.47 ( br s, 1H). 

Step C: Preparation of 2-fluoro-4-hvdroxvmethvlbenzonitrile 
4-Bromo-3-fluorobenzyl alcohoK 20 g, 0.097 mol) was 

25 dissolved in DMF (100 mL) and then placed under high vacuum for 15 
min. The solution was then purged with Ar for 15 min. While purging 
continued, zinc cyanide ( 8 g, 0.068 mol) and the catalyst, Pd[(PPh 3 )] 4 , 
(5.63 g, 0.0049 mol) were added. The reaction mixture was heated at 
95°C under Ar for 18 h, then cooled to ambient temperature and added to 

30 H2O. The mixture was extracted with EtOAc, then washed with 1M 
HC1, H20, brine, and dried (Na 2 S0 4 ). Filtration and concentration to 
dryness gave the title compound as a white solid after chromatography 
(silica gel, hexane: EtOAc, 6.5:3.5. 

*H NMR (CDCI3) 6 7.61 (t, 1H, J = 8 Hz), 7.23 - 7.29 (m, 2H), 4.80 (d, 2H, J 
35 =6 Hz), 1.93 ( t, 1H, J = 6Hz). 
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StepD: Preparation of 4-bromomethvl-2-fluoro-benzonitrile 

N-Bromosuccinimide ( 6.6 g, 0.037 mol) was dissolved in 
CHjCls (150 mL), cooled to 0°C and treated with dimethylsulfide (3.27 
5 mL, 0.0446 mol). The solution was cooled to -20°C and then treated 

dropwise with a solution of 2-fluoro-4-hydroxyniethylbenzonitrile (3.74 g, 
0.0248 mol) in CH 2 C1 2 (30 mL). After the addition, the reaction mixture 
was stirred at 0°C for 2 h then left to warm to ambient temperature 
overnight. The reaction mixture was added to ice/ H2O, extracted with 
10 EtOAc, the organic layer separated, washed with brine and dried 
(MgS0 4 ). Filtration and concentration to dryness gave the title 
compound which was purified chromatography (silica gel, 5-10% EtOAc/ 
hexane. 

lH NMR (CDCI3) 5 7.61 (dd, 1H, J = 8,8 Hz), 7.26 - 7.30 (m, 2H), 4.45 (s, 
15 2H). 

StepE: Preparation of 2-fluor o-4-imidazol-l-vlmethvl-benzonitrile 

4-Bromomethyl-2-fluoro-benzonitrile (3.44g, 16.0 mmol) and 
imidazole (5.47 g, 80.3 mmol) were dissolved in DMF (40 mL) and stirred 
20 at ambient temperature for 2 h. The DMF was removed in vacuo and the 
residue was partitioned between EtOAc (300 mL) and aqueous saturated 
NaHCOg solution. The organic layer was separated, washed with 
NaHC0 3 solution, H2O, brine, and dried (MgS0 4 ). Filtration and 

concentration to dryness gave the title compound after chromatography 
25 (silica gel, 1-2% CH 3 0H/CH 2 C1 2 ). 

lH NMR (CDCI3) 5 7.62 (dd/lH, J = 8.5, 9.5 Hz), 7.57 (s, 1H), 7.16 (s, 1H), 
7.00 (d, 1H, J = 8.5 Hz), 6.94 (d, 1H, J = 9.5 Hz), 6.91 (s, 1H), 5.21 (s, 2H). 

Step F: Preparation of 2-(2-naphthyloxy)-4-imidazol-l-ylmethyl- 

30 benzonitrile hydrochloride : 

2-Fluoro-4-imidazol-l-ylmethyl-benzonitrile (0.167 g, 0.830 
mmol), 2-naphthol (0.143 g, 0.996 mmol) and cesium carbonate (0.54 g, 
1.66 mmol) were dissolved in DMF (15 mL) and heated at 55°C under Ar 
for 18 h. The reaction mixture was partitioned between EtOAc and IN 
35 NaOH solution. The organic layer was separated, washed with IN 
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NaOH solution, H 2 0, brine, and dried (MgSO,). Filtration and 
concentration to dryness gave the title compound after chromatography 
(silica gel, 1% CH 3 0H/CH 2 C1 2 ). 
FAB mass spectrum (M+l) 326 
5 Analysis calculated for C 21 H 15 N 3 0 • 1.0 HC1 • 0.75 H2O: 

C, 67.19; H, 4.70; N, 11.20; 
Found: C, 67.23; H, 4.89; N, 11.14. 



EXAMPLE 14 

10 Preparation of 2-(2-chloro-4-methoxyphenoxy)-4-imidazol-l-ylmethyl- 
benzonitrile hydrochloride 

Step A: Preparation of 2-(2-chlorcH4-methoxyphenoxy)-4-imidazol-l- 
ylmethyl-benzonitrile hydrochloride 

15 2-Fluoro-4-imidazol-l-ylmethyl-benzonitrile, as described in 

Example 13, Step E, (0.118 g, 0.586 mmol), 2-chloro-4-methoxyphenol 
(0.112 g, 0.703 mmol), KF on alumina (40% by weight) (0.112 g, 0.703 
mmol) and 18-crown-6 (0.11 g, 10% by weight of phenol) were dissolved in 
CH 3 CN (5 mL) and heated at reflux under Ar for 18 h. The reaction 

20 mixture was filtered, dissolved in CH 3 OH and purified by RP HPLC on a 
Waters Prep Pak column eluting with a 0.1%TFA/H 2 O: 0.1%TFA/ 
CH 3 CN gradient (95:5 to 5:95) to give the title compound after conversion 
to the hydrochloride salt. 
FAB mass spectrum (M+l) 340 

25 Analysis calculated for C 1S H H C1N 3 0 2 • 1.0 HC1 • 0.15 CH 2 C1 2 : 
C, 56.04; H, 3.96; N, 10.80; 
Found: C, 56.25; H, 3.90; N, 10.42. 
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EXAMPLE 15 

Preparation of 2-(2,4-dichloro-phenylsulfanyl)-4- [5-(2-morpholin-4-yl- 
ethv1)-imidazol-l-vlmethyll-benzonitrile 

5 Step A: Preparation of {2-[3-(4-cyano-3-fluoro-benzyl)-3H4ni^azol-4- 

vll-ethvll-c arbamic acid tert-butvl ester 

To a solution of N^-pivaloyloxymethyl-N^phthaloyl- 
histamine (J. C. Emmett, F. H. Hollo way , and J. L. Turner, J. Chem. 
Soc, Perkin Trans. 1, 1341, (1979)) ( 4.59 g, 0.0124 mol) in acetonitrile (40 

10 mL) was added 2-fluoro-4-imidazol-l-yl methyl -benzonitrile (as described 
in Example 13, Step D) (2.8 g, 0.013 mol) and the mixture was heated to 
reflux for 18 hr. A white solid precipitate formed which after cooling to 
0°C was collected by filtration to obtain the quaternary salt. This 
intermediate was dissolved in EtOH (100 mL), hydrazine (1.46 mL, 0.046 

15 mol) was added, and the mixture was heated at reflux for 4 hr. A white 
precipitate was observed and the reaction was cooled to 25° C. 
Dimethylphthalate (11.4 mL, 0.0699 mol) was added and the mixture was 
again refluxed for 18 hr. After cooling to 25°C the precipitate was 
removed by filtration and washed with EtOAc. The filtrate was 

20 evaporated in vacuo and the residue was dissolved in THF (125 mL) and 
rip (25 mL). To this solution was added solid Na 2 C0 3 (4.0 g, 0.0377 mol) 
and BOC 2 0 (4.47 g, 0.020 mol) and the reaction was stirred for 18 hr. The 
THF was removed in vacuo and the mixture was partitioned with EtOAc 
and saturated NaHC0 3 . The EtOAc layer was washed with brine, dried 

25 with MgS0 4 , and evaporated in vacuo to obtain the title product after 
chromatography (silica gel, CH 2 Cl 2 :MeOH:NH 4 OH/ 97:3:0.3. 

Step B: Preparation of 4-[5-(2-arm^o-ethyl)-imidazol-l-ylmethyl]-2- 
fluoro-benzonitrile dihydrochloride 

30 A solution of {2-[3-(4-cyano-3-fluoro-benzyl)-3H-imidazol-4- 

yl)-ethyl}-carbamic acid tert-butyl ester (1.0 g, 0.0029 mol) in EtOAc (30 
mL) was cooled to -20°C and saturated with HC1 gas. The cooling bath 
was removed and the reaction was stirred for 2 hr. The solvent was 
removed in vacuo to obtain the title compound which was used without 

35 further purification. 
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Step C: Preparation of 2-fluoro-4-[5-(2-morpholin-4-yl-ethyl)- 

iniidazol-l-ylmethyll-benzonitrile 

To a solution of 4-[5-(2-amino-ethyl)-imidazol-l-ylmethyl]-2- 
5 fluoro-benzonitrile dihydrochloride (0.92 g, 0.0029 mol) in acetonitrile 
(150 mL) and triethylamine (3.2 mL) was added 2-bromoethyl ether (0.839 
mL, 0.0067 mol) and the mixture was refluxed for 48 hr. The solvents 
were removed in vacuo and the residue was dissolved in EtOAc which 
was washed twice with 1M HC1 (100 mL). The HC1 layers were 
10 combined and adjusted to pH = 9 with solid Na 2 C0 3 and extraxcted 3 
times with EtOAc. The EtOAc layers were combined and dried with 
brine and MgS04. Removal of the EtOAc in vacuo yielded the title 
compound which was used as is in the next step. 

15 StepD: Preparation of 2-(2,4-dichlor o-phenylsulfanyl)-4-[5-(2- 

morpholin-4-vl-ethvl)-imidazol-l-vlmethvll-benzonitrile 
Following the procedure described in Example 14, Step A, 
the title compound was prepared using 2-fluoro-4-[5-(2-morpholin-4-yl- 
ethyl)-imidazol-l-ylmethyl]-benzonitrile (0.15 g, 0.477 mmol) and 2,4- 
20 dichlorothiophenol (0.086 g, 0.477 mmol). 
FAB mass spectrum m/e 473 (M+l). 

Analysis calculated for C^H^CIJ^OS • 0.85 TFA • 0.3 H 2 0 : 

C, 51.52; H, 4.11; N, 9.73. 
Found: C, 51.51; H, 4.29; N, 9.36. 

25 

Following the above methods, the following compound was prepared by 
utilizing 2,4-dichlorophenol in place of 2,4-dichlorothiophenol in Step D: 

2-(2,4-dichloro-phenoxy)-4-[5-(2-morphohn-4-yl-ethyl)-imidazol-l- 

30 vlmethvll-benzonitrile 

FAB mass spectrum m/e 457 (M+l). 

Analysis calculated for C 23 H^C1 2 N 4 0 2 « 0.4 H 2 0 : 

C, 59.34; H, 4.96; N, 12.04. 
Found: C, 59.32; H, 4.89; N, 11.75. 

35 
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EXAMPLE 16 
Preparation of 4-[hydroxy-(3-methyl-3#-im^ 

(naphthalen-2-vloxv)-benzonitrile hydrochloride 

5 

Step A: Preparation of 2-Fluor o-4-formvlbenzonitrile 

2-Fluoro-4-hydroxymethylbenzonitrile (Example 13, Step C) 

10 g, 0,066 raol) and triethylamine (32.3 mL, 0.231 mol) were dissolved in 

CH 2 Cl2 (100 mL)- DMSO (20 mL) at < 5°C. with stirring and treated 
10 dropwise with a solution of pyridine«S0 3 complex (31.5 g, 0.198 mol) in 

DMSO (70 mL) maintaining the reaction mixture temperature at <10°C. 

The reaction mixture was stirred at 5°C for 1 hr after the addition, then 

at 20°C. for 1 hr, then partitioned between CH 2 C1 2 and H 2 0. The organic 

layer was separated, washed well with I^O, brine, and dried (Na 2 S0 4 ). 
15 Filtration and concentration gave the title compound after purification 

by chromatography (silica gel, hexane: EtOAc, 3:1). 

!H NMR (CDC13) 5 10.06 (d, 1H, J = 2 Hz), 7.86 (dd, 1H, J = 5,8 Hz), 7.798 

(dd, 1H, J = 1, 8 Hz), 7.728 (dd, 1H, J = 1, 8 Hz). 

20 Step B: Preparation of 2-fluoro-4-[hydroxy-(l-trityl-lif- imidazol- 

4-vl)-meth vl1>benzonitrile 

To a solution of 4-icrfo-l-trityl-lff-imidazole (5.00 g, 11.5 
mmol) in anhydrous CH 2 C1 2 (30 mL) was added a 3.0M solution of 
ethylmagnesium bromide (6.58 mL, 19.7 mmol) with stirring under Ar. 

25 After 3h, the reaction mixture was cooled to -78'C and a solution of 2- 
fluoro-4-formyl-benzonitrile (1.70g, 11.5 mmol) dissolved in CH 2 C1 2 (20 
mL) was added dropwise. The reaction was allowed to warm to RT over 
2h, quenched with saturated NH 4 C1 solution, diluted with satd. NaHC0 3 
solution to pH=8.5, and extracted with CH 2 C1 2 (3X). The combined 

30 organic layers were dried (MgS0 4 ), concentrated and purified using Si0 2 
chromatography (0-1% MeOH/CH 2 Cl 2 ) to yield the title compound. 
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10 



15 



Step C: Preparation of acetic acid (4-cyano-3-fluoro-phenyl)-(l-trityl- 

m-imidazol-4-vlVmet hvl ester 

2-Fluoro-4- [hydroxy-( l-trityl-li/-imidazol-4-yl)-methyl]- 
benzonitrile (4.05 g, 8.81 mmol), pyridine (2.14 mL, 26.4 mmol), and 
5 acetic anhydride (12.5 mL, 132 mmol) were stirred in anhydrous DMF 
(60 mL) for 3h under Ar. The reaction was concentrated in vacuo, 
diluted with EtOAc (250 mL), washed with H 2 0 (2X), brine, dried 
(MgS0 4 ) and concentrated to give the title compound. 

10 Step D: Preparation of acetic acid (4-cyano-3-fluoro-phenyl)-(3- 

methyl-3ff-imidazol-4-yl)-methvl ester 

20 Acetic acid (4-cyano-3-fluoro-phenyl)-(l-trityl-lif-imidazol-4- 

yl)-methyl ester (4.60 g, 9.17 mmol) and dimethyl Bulfate (0.83 mL, 8.81 
mmol) were dissolved in EtOAc (20 mL) and heated at 60"C overnight 
15 under Ar. The reaction was concentrated in vacuo, diluted with MeOH 
25 (30 mL), and refluxed for lh. Concentrated in vacuo and purified using 

SiO a chromatography (0.5 - 4% MeOH/CH 2 Cl 2 with NH 4 OH) to give the 
title compound. 

30 20 Step E: Preparation of 2-fluoro-4-[hydroxy-(3-methyl-3H-imidazol- 

4-yl)-methvl1-benzonitrile 

Acetic acid (4-cyano-3-fluoro-phenylM3-methyl-3#- 
imidazol-4-yl)-methyl ester (1.26 g, 4.59 mmol) and NaOH (5.5 mL, 5.5 
35 mmol) were dissolved in THF (15 mL) and H 2 0 (25 mL). After lh, the 

25 reaction was diluted with satd. NaHC0 3 solution, extracted with CH 2 C1 2 
(3X), dried (MgS0 4 ) and concentrated to give the title compound. 

40 Step F: Preparation of 4-[hydroxy-(3-methyl-3H-imidazol-4-yl)- 

methvll-2-(naphthalen-2-yloxy)-benzonitrile hydrochloride 
30 2-Fluoro-4-[hydroxy-(3-methyl-3H.imidazol-4-yl)-methyl]- 
benzonitrile (0.099 g, 0.428 mmol), 2-naphthol (0.062 g, 0.4287 mmol) and 
45 Cs 2 C0 3 (0.279 g, 0.856 mmol) were dissolved in anhydrous DMSO (5 mL) 

and heated at 80*C under Ar for 1.5h. The reaction was diluted with 
EtOAc, washed with satd. NaHC0 3 solution, water, and brine. The 
35 organic layer was dried (MgS0 4 ), concentrated and purified using Si0 2 
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chromatography (1-2.5% MeOH/CH2C12). The purified compound was 
dissolved in CH 2 C1 2 and treated with IN HCl ethereal solution to give the 
title compound. 
FAB MS (M+l) = 365. 

Analysis calculated for C 22 H 17 N 3 0 2 • 1.00 HCl • 1.60 H 2 0: 

C, 62.81; H, 5.08; N, 9.99 
Found: C, 62.81; H, 4.98; N, 10.20. 

EXAMPLE 17 

Preparation of 4-[l -hydroxy- l-(3-methyl-3H-miidazol-4-yl)-ethyl]-2- 

(naphthalen-g-yloxy)-benzQnitrile 

Step A : Preparation of 4-(3-methyl-3H-imidazole-4-carbonyl)-2- 

(naphthalen-2-yloxy)-benzonitrile 

2-Fluoro-4-[hydroxy-(3-methyl-3H-imidazol-4-yl)-methyl]- 
benzonitrile (as described in Example 16, Step E) (0.172 g, 0.743 mmol), 2- 
naphthol (0.107 g, 0.743 mmol) and Cs 2 C0 3 (0.727 g, 2.23 mmol) were 
dissolved in anhydrous DMF (5 mL) and heated at 60*C under Ar for 2 
days. The reaction was diluted with EtOAc, washed with satd. NaHC0 3 
solution, water, and brine. The organic layer was dried (MgS0 4 ), 
concentrated and purified using Si0 2 chromatography (1-2% 
MeOH/CH2C12) to give the title compound. 

StepB: Preparation of 4-[l-hydroxy-l-(3-methyl-3iJ-imidazol-4-yl)« 

ethy]i1-2-(]niaphthaJien-2-YlQXY)-t>enzQmtrile 

4-(3-Methyl-3H-imidazole-4-carbonyl)-2-(naphthalen-2- 
yloxy)-benzonitrile (0.109 g, 0.308 mmol) was dissolved in anhydrous 
THF (5 mL) and a 3.0 M solution of MeMgBr (0.35 mL, 1.05 mmol) was 
added and stirred at RT. The reaction was quenched with NH 4 C1 after 
lh, concentrated, diluted with EtOAc, washed with satd. NaHC0 3 
solution, water, brine, dried(MgS0 4 ) and concentrated to give the title 
compound. FT/ICR MS (M+l) = 370. 

Analysis calculated for C 23 H 19 N 3 0 2 • 0.40 EtOAc • 0.05 U^O: 

C, 72.a5; H, 5.54; N, 10.36 
Found: C, 72.87; H, 5.31; N, 10.29. 
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EXAMPLE 18 

Preparation of 44inidazol-l-ylmethyl-2-[2-(2-oxo-piperidin-l-yl)-pliejip^^ 



10 

frenzppjjtrile 



Step A: Preparation of 4-Bromo-3-fluoro benzoic acid 

4-Bromo-3-fluorotoluene (40.0 g, 0.212 mol) was 
15 heated at 90° C in HfeO (200 mL)-pyridine (200 mL) with 

mechanical stirring under Ar. Potassium permanganate 
10 (KMn04) (67 g, 0.424 mol) was added portionwise over 3 h. 

After 4 h, an HPLC of a filtered sample indicated 50 % 
20 conversion to the acid. An additional 30 g of KMn04 was 

added and heating continued overnight. HPLC indicated 
81% conversion. Further KMn04 was added portionwise 

15 with reaction monitoring by HPLC until > 95% conversion 

25 was obtained. The reaction mixture was filtered through 

Celite, the filter pad washed with H2O, aq NaOH and EtOH. 
The filtrate was concentrated to a small volume, then 
partitioned between 3N NaOH solution and diethyl ether. 
30 20 The aqueous basic layer was separated, cooled in an ice- 

H2O bath and acidified slowly with 6N HC1 solution to 
precipitate the white solid product. This was collected by 
suction filtration and dried at 40 °C. in a vacuum oven 
35 overnight to give the title compound, mp 190 -192°C. 

25 *H NMR (CDCI3) 5 7.83 (dd, 1H, J = 2, 9 Hz), 7.78 (dd, 1H, J = 2, 8 Hz), 
7.67 - 7.71 (m, 1H). 



40 Step JB; Preparation of 4-bromo-3-fluQrol?enzyl alqohol 

4-Bromo-3-fluorobenzoic acid, as described above, (40.8 g, 
30 0.187 mol) was dissolved in THF (250 ml) with magnetic stirring under 
Ar in an ice- H2O bath. The cloudy solution was treated dropwise with 
45 borane-THF complex (1 M) (374 mL, 0.374 mol) over a 1 h period 

maintaining the internal temperature at < 10°C. The reaction mixture 
was left to warm to ambient temperature overnight, then cooled in an 
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ice-H20 bath and treated dropwise with H2O ( 150 mL). The THF was 
removed on a rotary evaporator, and the residue partitioned between 
EtOAc and H2O. The aqueous layer was extracted with EtOAc (3 x 100 
mL), the organic layers combined, washed with brine, and dried 
5 (Na2S04), filtered, and concentrated to give the title compound as an oil 
which solidified on standing. 

lH NMR (CDCI3) 5 7.52 (t, 1H, J = 8 Hz), 7.16 (d, 1H, J = 9 Hz), 7.02 (d, 1H, 
J = 8 Hz), 4.67 (s, 2H), 1.47 ( br s, 1H). 

10 Step C: Preparation of 2-fluoro-4-hydroxymethylbenzonitrile 
4-Bromo-3-fluorobenzyl alcohol, as described in Step B 
above, (20 g, 0.097 mol) was dissolved in DMF (100 mL) then placed under 
high vacuum for 15 min. The solution was then purged with Ar for 15 
min. While purging continued, zinc cyanide ( 8 g, 0.068 mol) and the 

15 catalyst, Pd[(PPh2)l4, (5.63 g, 0.0049 mol) were added. The reaction 
mixture was heated at 95 °C under Ar for 18 h, then cooled to ambient 
temperature and added to H2O. The mixture was extracted with EtOAc, 
then washed with 1M HC1, H2O, brine, and dried (Na2S04). Filtration 
and concentration to dryness gave the title compound as a white solid 

20 after chromatography (silica gel, hexane: EtOAc, 6.5:3.5). 

lH NMR (CDCI3) 5 7.61 (t, 1H, J = 8 Hz), 7.23 - 7.29 (m, 2H), 4.80 (d, 2H, J 
= 6 Hz), 1.93 ( t, 1H, J = 6Hz). 

StepD : Preparation of 4-Bromomethyl-2-fluoro-benzonitrile 

25 N-Bromosuccinimide ( 6.6 g, 0.037 mol) was dissolved in 

CH2CI2 (150 mL), cooled to 0°C and treated with dimethylsulfide (3.27 

mL, 0.0446 mol). The solution was cooled to -20°C then treated dropwise 
with a solution of 2-fluoro-4-hydroxymethylbenzonitrile, as described in 
Step C above, (3.74 g, 0.0248 mol) in CH2CI2 (30 mL). After the addition, 
30 the reaction mixture was stirred at 0°C for 2 h then left to warm to 
ambient temperature overnight. The reaction mixture was added to 
ice/H20, extracted with EtOAc, the organic layer separated, washed 
with brine and dried (MgS04). Filtration and concentration to dryness 



- 375 - 



WO 00/59930 



PCT/USOO/08762 



gave the title compound which was purified after chromatography 
(silica gel, 5-10% EtOAc/ hexane). 

lH NMR (CDCI3) 5 7.61 (dd, 1H, J = 8, 8 Hz), 7.26 - 7.30 (m, 2H), 4.45 (s, 
2H). 

5 

Step E: Preparation of 2-fluoro-4-imidazol-l-vlmethvl>benzonitrile 

4-Bromomethyl-2-fluoro-benzonitrile, as described in Step D 
above, (3.44g, 16.0 mmol) and imidazole (5.47 g, 80.3 mmol) were 
dissolved in DMF (40 mL) and stirred at ambient temperature for 2 h. 

10 The DMF was removed in vacuo and the residue was partitioned 

between EtOAc (300 mL) and aqueous saturated NaHCQ3 solution. The 
organic layer was separated, washed with NaHC03 solution, H2O, 
brine, and dried (MgS04). Filtration and concentration to dryness gave 
the title compound after chromatography (silica gel, 1-2% 

15 CH3OH/CH2CI2). 

lH NMR (CDCI3) 5 7.62 (dd, 1H, J = 8.5, 9.5 Hz), 7.57 (s, 1H), 7.16 (s, 1H), 
7.00 (d, 1H, J = 8.5 Hz), 6.94 (d, 1H, J = 9.5 Hz), 6.91 (s, 1H), 5.21 (s, 2H). 

Step F: Preparation of 2-(2-oxo-piperidin-l-vl)-phenol 

20 To a solution of 2-aminophenol (1.09 g, 0.01 mol), Et3N (4.46 

mL, 0.032 mol) and 4-dimethylaminopyridine (0.122 g, 0.001 mol) in 
CHCI3 (20 mL) in an ice-H20 bath was added dropwise 5-bromovaleryl 
chloride (2.95 mL, 0.022 mol) with stirring. After 2 hr, the reaction 
mixture was washed with IN HC1 until the aqueous layer was acidic, 

25 then washed with H2O, aqueous saturated NaHC03 solution, brine, and 
dried (Na2S04). Filtration and concentration to dryness gave a yellow oil 
which solidifed on standing. This bisacylated product was dissolved in 
DMF (20 mL) and heated at 80°C with cesium carbonate (4.89 g, 0.015 
mol) for 3 hr, then partitioned between EtOAc and ice water. The 

30 aqueous layer was extracted with EtOAc (3 x), the organics combined, 

washed with H2O, aqueous saturated NaHC03 solution, brine, and dried 
(Na2S04). Filtration and concentration to dryness gave a crude product 
which was treated with IN NaOH solution (12 mL, 0.012 mol) in THF (20 
mL)- H2O (10 mL) with stirring at ambient temperature for 2 hr. The 

35 reaction mixture was neutralized with IN HC1 (12 mL, 0.012 mol), 
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concentrated, and extracted with EtOAc (3x), the organics combined, 
washed with H2O, aqueous saturated NaHC03 solution, brine, and dried 
(Na2S04). Filtration and concentration to dryness gave the title 
compound. 

5 

Step G: Preparation of 4^iimdazol-l-ylmethyl-2-[2-(2-oxo-piperidin-l- 

yl)-phenoxvl-benzonitrile 

2-Fluoro-4-imidazol-l-ylmethyl-benzonitrile (as described in 
Step E above) (0.080 g, 0.4 mmol), 2-(2-oxo-piperidin-l-yl)-phenol (as 

10 described in Step F above) (0.091 g, 0.5 mmol) and cesium carbonate 

(0.261 g, 0.8 mmol) were combined in DMF (2.0 mL) and heated at 50°C 
for 18 hr. The reaction mixture was partitioned between EtOAc and a 
minimum volume of H 2 0. Additional product was salted out from the 
aqueous layer with solid NaCl, and extracted into EtOAc. The organic 

15 layers were combined, dried (NajSOJ, filtered and concentrated to give 
the title compound after RP HPLC on a Waters Prep Pak column eluting 
with a 0.1%TFA/H2O: 0.1%TFA/CH3CN gradient followed by conversion 
to the free base. 
FAB MS 373 (M+l). 

20 Analysis calculated for C22H20N4O2 • 0.45 H2O : 
C, 69.43; H, 5.54; N,14.72. 
Found: C, 69.41; H,5.46; N, 14.67. 

EXAMPLE 19 

25 Preparation of 4-imidazol-l-ylmethyl-2-[2-(3-methyl-2-oxo-piperidin-l-yl)- 
phenoxyl -benzoni trije 

Step A: Preparation of 2-(3-methvl-2-oxo-piperidin-l-vl)-phenol 

Lithium diethylamide (2M solution in THF) (3.92 mL, 7.84 

30 mmol) was added to a solution of 2-(2-oxo-piperidin-l-yl)-phenol (as 
described in Example 18, Step F) (0.50 g, 2.61 mmol) in THF (5 mL) at 
-78°C with stirring under Ar. After 30 min, iodome thane (0.488 mL, 7.84 
mmol) was added and the reaction left to come to room temperature 
overnight. The reaction was treated with H2O, concentrated to remove 

35 the THF, then partitioned between diethyl ether and H2O. The organic 
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layer was separated, washed with brine, dried (Na2S04), filtered, and 

concentrated to dryness to give the title compound after chromatography 
(silica gel, 1% CH3OH, 29% EtOAc, 70% hexane). 
1H NMR (CDCI3) 5 7.14 - 7.23 (m, 3H), 7.52 (dd, 1H, J = 1.5, 8 Hz), 6.93 - 
6.98 (m, 1H), 3.70 - 3.85 (m, 2H), 2.63 - 2.72 fan, 1H), 2.08 - 2.17 (m, 1H), 
1.89 - 2.05 (m, 2H), 1.60 - 1.70 (m, 1H), 1.36 (d, 3H, J = 7 Hz). 

Step B: Preparation of 4-imidazol-l-ylmethyl-2-[2-(3-methyl-2-oxo- 

piperidin-l-yU-phenpxyl-benzonitri]|e 

Following the procedure outlined in Example 18, Step G, but 

substituting the phenol of Step A for the phenol used in Example 18, Step 

G, the title compound was prepared. 

FAB MS 387CM+1). 

Analysis calculated for C25H26N4O2 • 1-85 HC1 • 0.35 Et20 : 

C, 61.07; H, 5.75; N, 11.66. 
Found: C, 60.98; H, 5.93; N, 11.68. 

EXAMPLE 30 

Preparation of 4-imidazol-l-ylmethyl-2>[2-(2-oxo-piperidin-l-yl)- phenoxyl- 
benzQiutrile 

Step A: Preparation of 4-Bromo-3-fluorobenzoic acid 

4-Bromo-3-fluorotoluene (40.0 g, 0.212 mol) was heated at 90° 
C in H2O (200 mL)-pyridine (200 mL) with mechanical stirring under 
Ar. Potassium permanganate (KMn04) (67 g, 0.424 mol) was added 

portionwise over 3 h. After 4 h, an HPLC of a filtered sample indicated 
50 % conversion to the acid. An additional 30 g of KMn04 was added and 

heating continued overnight. HPLC indicated 81% conversion. Further 
KMn04 was added portionwise with reaction monitoring by HPLC until 
> 95% conversion was obtained. The reaction mixture was filtered 
through Celite, the filter pad washed with H2O, aq NaOH and EtOH. 
The filtrate was concentrated to a small volume, then partitioned 
between 3N NaOH solution and diethyl ether. The aqueous basic layer 
was separated, cooled in an ice- H2O bath and acidified slowly with 6N 
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HC1 solution to precipitate the white solid product. This was collected by 
suction filtration and dried at 40 °C. in a vacuum oven overnight to give 
the title compound, mp 190 -192°C. 

*H NMR (CDCI3) 6 7.83 (dd, 1H, J = 2, 9 Hz), 7.78 (dd, 1H, J = 2, 8 Hz), 
5 7.67-7.71 (m,lH). 

Step B: Preparation of 4-bromo-3-fluorobenzvl alcohol 

4-Bromo-3-fluorobenzoic acid, as described above, (40.8 g, 
0.187 moi) was dissolved in THF (250 ml) with magnetic stirring under 
10 Ar in an ice- H2O bath. The cloudy solution was treated dropwise with 

borane-THF complex (1 M) (374 mL, 0.374 mol) over a 1 h period 
maintaining the internal temperature at < 10°C. The reaction mixture 
was left to warm to ambient temperature overnight, then cooled in an 
ice-H20 bath and treated dropwise with H2O ( 150 mL). The THF was 

1 5 removed on a rotary evaporator, and the residue partitioned between 
EtOAc and H2O. The aqueous layer was extracted with EtOAc (3 x 100 

mL), the organic layers combined, washed with brine, and dried 
(Na2S04), filtered, and concentrated to give the title compound as an oil 
which solidified on standing. 
20 lH NMR (CDCI3) 8 7.52 (t, 1H, J = 8 Hz), 7.16 (d, 1H, J = 9 Hz), 7.02 (d, 1H, 
J = 8 Hz), 4.67 (s, 2H), 1.47 ( br s, 1H). 

S te P C: Preparation of 2-fluoro-4-hvdroxvrnethylbenzonitrile 

4-Bromo-3-fluorobenzyl alcohol, as described in Step B 

25 above, (20 g, 0.097 mol) was dissolved in DMF (100 mL) then placed under 
high vacuum for 15 min. The solution was then purged with Ar for 15 
min. While purging continued, zinc cyanide ( 8 g, 0.068 mol) and the 
catalyst, Pd[(PPh2)]4, (5.63 g, 0.0049 mol) were added. The reaction 
mixture was heated at 95°C. under Ar for 18 h, then cooled to ambient 

30 temperature and added to H2O. The mixture was extracted with EtOAc, 
then washed with 1M HC1, H2O, brine, and dried (Na2S04). Filtration 
and concentration to dryness gave the title compound as a white solid 
after chromatography (silica gel, hexane: EtOAc, 6.5:3.5). 
*H NMR (CDCI3) 5 7.61 (t, 1H, J = 8 Hz), 7.23 - 7.29 (m, 2H), 4.80 (d, 2H, J 

35 =6 Hz), 1.93 ( t, 1H, J = 6Hz). 
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StepD: Preparation of 4-Bromomethvl-2-fluoro-benzonitrile 

N-Bromosuccinimide ( 6.6 g, 0.037 mol) was dissolved in 
10 CH2CI2 (150 mL), cooled to 0°C and treated with dimethylsulfide (3.27 

5 mL, 0.0446 mol). The solution was cooled to -20°C then treated dropwise 
with a solution of 2-fluoro-4-hydroxymethylbenzonitrile, as described in 
Step C above, (3.74 g, 0.0248 mol) in CH2CI2 (30 mL). After the addition, 

15 the reaction mixture was stirred at 0°C for 2 h then left to warm to 

ambient temperature overnight. The reaction mixture was added to 
10 ice/H20, extracted with EtOAc, the organic layer separated, washed 
with brine and dried (MgS04). Filtration and concentration to dryness 

20 gave the title compound which was purified after chromatography 

(silica gel, 5-10% EtOAc/ hexane). 

lH NMR (CDCI3) 8 7.61 (dd, 1H, J = 8, 8 Hz), 7.26 - 7.30 (m, 2H), 4.45 (s, 
15 2H). 

25 

StepE: Preparation of 2-fluoro-4-imidazol-l>vlmethyl-benzonitrile 

4-Bromomethyl-2-fluoro-benzonitrile, as described in Step D 
above, (3.44g, 16.0 mmol) and imidazole (5.47 g, 80.3 mmol) were 

30 20 dissolved in DMF (40 mL) and stirred at ambient temperature for 2 h. 

The DMF was removed in vacuo and the residue was partitioned 
between EtOAc (300 mL) and aqueous saturated NaHC03 solution. The 
organic layer was separated, washed with NaHC03 solution, H2O, 

35 brine, and dried (MgS04). Filtration and concentration to dryness gave 

25 the title compound after chromatography (silica gel, 1-2% 
CH3OH/CH2CI2). 

lH NMR (CDCI3) 5 7.62 (dd, 1H, J = 8.5, 9.5 Hz), 7.57 (s, 1H), 7.16 (s, 1H), 
40 7.00 (d, 1H, J = 8.5 Hz), 6.94 (d, 1H, J = 9.5 Hz), 6.91 (s, 1H), 5.21 (s, 2H). 

30 St ep F: Preparatio n of 2-(2-oxo-piperidin-l-vl)-phenol 

To a solution of 2-arninophenol (1.09 g, 0.01 mol), Et3N (4.46 

45 mL, 0.032 mol) and 4-dimethylaminopyridine (0.122 g, 0.001 mol) in 

CHCI3 (20 mL) in an ice-H20 bath was added dropwise 5-bromovaleryl 

chloride (2.95 mL, 0.022 mol) with stirring. After 2 hr, the reaction 
35 mixture was washed with IN HC1 until the aqueous layer was acidic, 
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then washed with H2O, aqueous saturated NaHC03 solution, brine, and 
dried (Na2S04). Filtration and concentration to dryness gave a yellow oil 
which solidifed on standing. This bisacylated product was dissolved in 
DMF (20 mL) and heated at 80°C with cesium carbonate (4.89 g, 0.015 
5 mol) for 3 hr, then partitioned between EtOAc and ice water. The 

aqueous layer was extracted with EtOAc (3 x), the organics combined, 
washed with H2O, aqueous saturated NaHC03 solution, brine, and dried 
(Na2S04). Filtration and concentration to dryness gave a crude product 
which was treated with IN NaOH solution (12 mL, 0.012 mol) in THF (20 

10 mL)- H2O (10 mL) with stirring at ambient temperature for 2 hr. The 
reaction mixture was neutralized with IN HC1 (12 mL, 0.012 mol), 
concentrated, and extracted with EtOAc (3x), the organics combined, 
washed with H2O, aqueous saturated NaHC03 solution, brine, and dried 
(Na2S04). Filtration and concentration to dryness gave the title 

15 compound. 

Step G: Preparation of 4-inu^azol-l-ylmethyl-2-[2-(2-oxo-piperidin-l- 

y P-Phenoxyl -benzonitrile 

2-Fluoro-4-imidazol-l-ylmethyl-benzonitrile (as described in 

20 Step E above) (0.080 g, 0.4 mmol), 2-(2-oxo-piperidin-l-yl)-phenol (as 
described in Step F above) (0.091 g, 0.5 mmol) and cesium carbonate 
(0.261 g, 0.8 mmol) were combined in DMF (2.0 mL) and heated at 50°C 
for 18 hr. The reaction mixture was partitioned between EtOAc and a 
minimum volume of fL^O. Additional product was salted out from the 

25 aqueous layer with solid NaCl, and extracted into EtOAc. The organic 
layers were combined, dried (N&jSO*), filtered and concentrated to give 
the title compound after RP HPLC on a Waters Prep Pak column eluting 
with a 0.1%TFA/H2O: 0.1%TFA/CH3CN gradient followed by conversion 
to the free base. 

30 FAB MS 373 (M+l). 

Analysis calculated for C22H20N4O2 • 0.45 H2O : 

C, 69.43; H, 5.54; N,14.72. 
Found: C, 69.41; H,5.46; N, 14.67. 
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EXAMPLE 2QA 

Preparation of 4-|5-(2-amino-ethyl)-2Mnethyl4midazol-l«ylmethyl]-2-[3- 
(3-ethyl-l-rnethyl-2-oxo-azepan-3-yl)-phenoxyl-benzonitrile 
dihydrochloride _ 

5 

Step A: Preparation of {2-[3-(4-cyano-3-fluoro-benzyl)-3H-imidazol-4- 

vll-ethvll-carbamic acid tert-butvl ester 

To a solution of N r -pivaloyloxymethyl-N a -phthaloyl- 
histamine (J. C. Emmett, F. H, Holloway, and J. L. Turner, J. Chem. 

10 Soc, Perkin Trans. 1, 1341, (1979)) ( 4.59 g, 0.0124 mmol) in acetonitrile 
(40 mL) was added 2-fluoro-4-imidazol-l-ymiethyl-benzonitrile (as 
described in Example 20, Step E) (2.8 g, 0.013 mmol) and the mixture was 
heated to reflux for 18 hr. A white solid precipitate formed which after 
cooling to 0°C was collected by filtration to obtain the quaternary salt. 

15 This intermediate was dissolved in EtOH (100 mL), hydrazine (1.46 mL, 
0.046 mmol) was added, and the mixture was heated at reflux for 4 hr. 
A white precipitate was observed and the reaction was cooled to 25 °C. 
Dimethylphthalate (11.4 mL, 0.0699 mmol) was added and the mixture 
was again refluxed for 18 hr. After cooling to 25°C the precipitate was 

20 removed by filtration and washed with EtOAc. The filtrate was 

evaporated in vacuo and the residue was dissolved in THF (125 mL) and 
H20 (25 mL). To this solution was added solid Na2C03 (4.0 g, 0.0377 
mmol) and BOC2O (4.47 g, 0.020 mmol) and the reaction was stirred for 
18 hr. The THF was removed in vacuo and the mixture was partitioned 

25 with EtOAc and saturated NaHC03- The EtOAc layer was washed with 
brine, dried with MgS04, and evaporated in vacuo to obtain the title 
product after chromatography (silica gel, CH2Cl2:MeOH:NH40H/ 
97:3:0.3). 

30 Step B: Preparation of [2-(3-{4-cyano-3-[3-(3-ethyl-l-methyl-2K)xo- 
azepan-3-yl)-phenoxy] -benzyl) -2-methyl-3H-imidazol-4-yl)- 

ethyll-carb amic acid tert-butvl ester 

Following the procedure outlined in Example 19, but using 
{2-[3-(4-cyano-3-fluoro-benzyl)-3H-imidazol-4-yl]-ethyl}-carbamic acid 

35 tert-butyl ester, prepared as described in Step A (0.60 g, 1.67 mmol) and 
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3-ethyl-3-(3-hydroxy- phenyl)- 1 -me thyl-azepan-2-one, commercially 
available from Maybridge(0.41 g, 1.67 mmol), the title compound was 
obtained after chromatography (CH2CI2: CH3OH: NH4OH, 98:2:0.2). 

Step C: Preparation of 4-[5-(2-amino-ethyl)-2-methyl-imidazol-l- 
ylmethyl]-2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)- 

phenoxy] -benzonjtrile dihydrpchloride 

To a solution of [2-(3-{4-cyano-3-[3-(3-ethyl-l-methyl-2-oxo- 
azepan-3-yl)-phenoxy] -benzyl} -2-methyl-3H-imidazol-4-yl)-ethyl]- 
carbamic acid tert-butyl ester (as described in Step B above) (0.2 g, 0.41 
mmol) in CH2CI2 (6.0 mL) was added TFA (3.0 mL) and the solution was 

stirred for 0.5 nr. The solvents were removed in vacuo and the crude 

product was purified by preparative HPLC. Conversion to the HC1 salt 

yielded the title compound. 

FAB mass spectrum m/e 486 (m+1). 

Analysis calculated for C29H35Ns02 # 2.2 HC1 : 

C, 61.55; H, 6.63; N, 12.38; 
Found: C, 61.56; H, 6.45; N, 11.83. 

EXAMPLE 31 

Preparation of 2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-J^ 
methyl-5-(2-morpholin-4-vl-ethvl)-imidazol-l-vlmethvll-benzonitrile 

To a solution of 4-[5-(2-amino-ethyl)-2-methyl-imidazol-l- 
ylmethyl]-2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-benzonitrile 
dihydrochloride (as described in Example 20D) (0.25 g, 0.456 mmol) in 
ace torn trile (35.0 mL) and triethyl amine (1.8 mL) was added 2- 
bromoethyl ether (0.133 mL, 1.06 mmol) and the mixture was refluxed 
for 48 hr. The solvents were removed in vacuo to obtain the title 
compound after purification by preparative HPLC. 
FAB mass spectrum m/e 556 (m+1). 
Analysis calculated for C33H4lN503» 0.8 H2O : 

C, 69.51; H, 7.53; N, 12.28; 
Found: C, 69.51; H, 7.28; N, 12.13. 
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EXAMPLE 22 

Preparation of 2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4- 
fhvdroxv-(3-methvl-3>H-imidazol-4-vl)-methvlVbea2onitrile 

5 Step A: Preparation of 2-Fluoro-4-formvlbenzonitrile 

2-Fluoro-44iydroxymethylbenzonitrile (as described in 
Example 20, Step C) (10 g, 0,066 mol) and triethylamine (32.3 mL, 0.231 
mol) were dissolved in CH2CI2 (100 mL)- DMSO (20 mL) at < 5°C with 
stirring and treated dropwise with a solution of pyridine »S03 complex 
10 (31.5 g, 0.198 mol) in DMSO (70 mL) maintaining the reaction mixture 
temperature at <10°C. The reaction mixture was stirred at 5°C for 1 hr 
after the addition, then at 20°C. for 1 hr, then partitioned between 
CH2CI2 and H2O. The organic layer was separated, washed well with 
H2O, brine, and dried (Na2S04). Filtration and concentration gave the 
15 title compound after purification by chromatography (silica gel, hexane: 
EtOAc, 3:1). 

lH NMJt (CDCI3) 8 10.06 (d, 1H, J = 2 Hz), 7.86 (dd, 1H, J = 5,8 Hz), 7.798 
(dd, 1H, J = 1, 8 Hz), 7.728 (dd, 1H, J = 1, 8 Hz). 

30 20 StepB: Preparation of 2-fluoro-4-[hydVoxy-(l-trityl-lH-imidazol-4- 

vP-methyll-benzonitrile 

To a solution of 4-iodo-l-trityl-lff-imidazole (5.00 g, 11.5 
mmol) in anhydrous CH2CI2 (30 mL) was added a 3.0M solution of 
35 ethylmagnesium bromide (6.58 mL, 19.7 mmol) with stirring under Ar. 

25 After 3h, the reaction mixture was cooled to -78"C and a solution of 2- 
fluoro-4-formyl-benzonitrile (as described in Step A above) (L70g, 11.5 
mmol) dissolved in CH2CI2 (20 mL) was added dropwise. The reaction 
40 was allowed to warm to room temperature over 2h, quenched with 

saturated NH4CI solution, diluted with satd. NaHC03 solution to 
30 pH=8.5, and extracted with CH2CI2 (3X). The combined organic layers 
were dried (MgS04), concentrated and purified using S1O2 
45 chromatography (0-1% MeOH/CH2Cl2) to yield the title compound. 
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Step C: Preparation of acetic acid (4-cyano-3-fluoro-phenyl)-(l-trityl- 

lH-imidazol-4-vn- methvl ester 

2-Fluoro-4- [hydroxy-(l -tri tyl- lH-imidazol-4-yl)-methyl]- 
benzonitrile (as described in Step B above) (4.05 g, 8.81 mmol), pyridine 
5 (2.14 mL, 26.4 mmol), and acetic anhydride (12.5 mL, 132 mmol) were 
stirred in anhydrous DMF (60 mL) for 3h under Ar. The reaction was 
concentrated in vacuo, diluted with EtOAc (250 mL), washed with H2O 
15 (2X), brine, dried (MgS04) and concentrated to give the title compound. 

1 0 Step D: Preparation of acetic acid (4-cyano-3-fluoro-phenyl)-(3- 
methvl-3H-imidazol- 4-vl)-methvl ester 



20 Acetic acid (4-cyano-3-fluoro-phenyl)-(l-trityl-l//-imidazol-4- 

yl)-methyl ester (as described in Step C above) (4.60 g, 9.17 mmol) and 
dimethyl sulfate (0.83 mL, 8.81 mmol) were dissolved in EtOAc (20 mL) 
15 and heated at 60'C overnight under Ar. The reaction was concentrated 

25 in vacuo, diluted with MeOH (30 mL), and refluxed for lh. Concentrated 

in vacuo and purified using SiC>2 chromatography (0.5 - 4% 
MeOH/CH2Cl2 with NH4OH) to give the title compound. 

30 20 StepE: Preparation of 2-fluoro-4-[hydroxy-(3-methyl-3H-imidazol-4- 
vn-methvll -benzonitrile 

Acetic acid (4-cyano-3-fluoro-phenyl)-(3-methyl-3if- 
imidazol-4-yl)-methyl ester (as described in Step C above) (1.26 g, 4.59 
35 mmol) and NaOH (5.5 mL, 5.5 mmol) were dissolved in THF (15 mL) and 

25 H2O (25 mL). After lh, the reaction was diluted with satd. NaHC03 

solution, extracted with CH2CI2 (3X), dried (MgS04) and concentrated to 
give the title compound. 

40 

Step F: Preparation of 2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)- 
30 phenoxy]-4- [hydroxy-(3-methyl-3-H-imidazol-4-yl)-methyl]- 

benzoni trile 

45 2-Fluoro-4- [hydroxy-(3-methyl-3i/-imidazol-4-yl)-methyl] - 

benzonitrile (as described in Step E above) (0.162 g, 0.700 mmol), 3-ethyl- 
3-{3-hydroxy-phenyl)-l-methyl-azepan-2-one, commercially available 
35 from Maybridge (0.173 g, 0.700 mmol) and KF» Al2(>23(0.208 g) and I8- 



60 



385 



55 



WO 00/59930 



PCTVUSQ0/08762 



Crown-6 (0.017 g, 0.064 mmol) were dissolved in anhydrous CH3CN (7 
mL) and refluxed under Ar for 24 h. The reaction was filtered, 
concentrated and purified using Si02 chromatography (1-3% 
MeOH/CH2Cl2). 
5 FAB MS (M+l) = 459. 



EXAMPLE 22A 

Preparation of 2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-benzyl]-4-(3- 
methyl-3#-imidazole-4-carbonvl)-benzonitrile trifluoroacetate 

10 

Step A: Preparation of 2-fluoro^4ammo-(3-methyl-3H-imidazol-4- 

vl)-methvll-benzonitrile 

2-Fluoro-4- [hy droxy-(3-methy l-3H-inridazol-4-yl)-methy 1] - 
benzonitrile, prepared as described in Example 22, Step E (0.542 g, 2.31 
15 mmol) was dissolved in SOC12 (15 mL) and stirred at room temperature 
for 2h under Ar 2 . The solution was concentrated in vacuo and 
azeotroped with CH2CI2 (3X). The solid was dissolved in CHCI3 (30 mL) 
and cooled to -78'C. NH3 (g) was bubbled through the solution and 
stirred for 16 h while warming to room temperature under Ar. After 
20 concentration to dryness and chromatography (silica gel, 1-2% CH3OH/ 
CH2CI2 with NH3), the title compound was obtained. 

Step B: Preparation of 2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)- 

benzyl]-4-(3-methyl-3H-imidazole-4-carbonyl)-benzonitrile 

25 trifluoroacetate 

2-Fluoro-4-[amino-(3-methyl-3H-imidazol-4-yl)-methyl]- 
benzonitrile (as described in Step A above) (0.012 g, 0.052 mmol), 3-ethyl- 
3-(3-hydroxy-phenyl)-l-methyl-azepan-2-one, commercially avaiable 
from Maybridge (0.014 g, 0.056 mmol), KF» AI2O3 (0.020 g) and 18- 

30 Crown-6 (0.001 g) were dissolved in anhydrous CH3CN (2 mL) and 

refluxed under Ar for 24 h. The reaction was filtered, concentrated and 
purified using RP LC on a VYDAC column eluting with 0.1%TFA/H2O: 
0.1%TFA/CH3CN to give the title compound. 
FAB MS (M+l) = 457. 
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EXAMPLE 33 

Preparation of 243^3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy I-4-1 1- 
hydroxy-l-(3-methvl'3^imidazol-4-vl)-ethvll-benzomtrile 



2-[3-(3-Ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-(3< 
methyl-3if-imidazole-4-carbonyl)-benzonitrile (prepared as described in 
Example 22A) (0.216 g, 0.473 mmol) was dissolved in anhydrous THF (10 
mL) and a 3.0 M solution of MeMgBr (1.10 mL, 3.30 mmol) was added 
10 and stirred at RT. The reaction was quenched with NH 4 C1 after lh, 

concentrated, diluted with EtOAc, washed with satd. NaHC0 3 solution, 
20 water, brine, dried (MgS0 4 ), concentrated and purified using Si0 2 

chromatography (1-3% MeOH/CrL.Clj w/NH 4 OH) to give the title 
compound. FT/ICR MS (M+l) = 473. 

15 

25 EXAMPLE 24 

Preparation of 2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-ph 
amino-V(3-methyl-3ff-imidazol-4-yl)-ethyl1-beozonitrile 

30 20 243-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-[l- 

hydroxy-l-(3-methy l-3i/-imidazol-4-yl)-ethyl] -benzonitrile (prepared as 
described in Example 23) (0.099 g, 0.209 mmol) was dissolved in SOC^ (5 
mL) and stirred at RT for 2h. The solution was concentrated in vacuo 
35 and azeotroped with anhydrous CHgC^ (3X). The solid was dissolved in 

25 CHC1 3 (5 mL) and cooled to -78°C. NH 3 (g) was bubbled through the 

solution and stirred for 2h while warming to RT under Ar. The solution 
was concentrated in vacuo and purified using reverse phase 
40 chromatography (95/5 - 5/95 r^O/Cr^CN with 0.1% TFA, flow = 65 

mL/min). The compound was converted to its free base using saturated 
30 NaHC0 3 solution, extracted with Cr^CL, (3x), dried (MgS0 4 ), filtered and 
treated with IN HC1 ethereal solution to give the title compound. FAB 
45 MS (M+l) = 472. 

Analysis calculated for C 2S H 33 N s 0 2 • 0.35 EtOAc: 
C, 70.28; H, 7.18; N, 13.94 
35 Found: C, 70.37; H, 7.29; N, 13.88. 
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The four individual diastereomers of the title compound 
were prepared by the methods described in examples 22, 23 and 24 using 
chiral 3-ethyl-3-(3-hydroxy-phenyl)-l-methyl-azepan-2-one (the racemate 
was commercially obtained from Maybridge and the enantiomers 
separated on a chiral column) in the Example 22A, Step B reaction, and 
subsequently resovling the diastereomers by purification of the 
enantiomers at the amino group of the product from the eventual 
Example 24 reaction using chiral HPLC. 



10 



EXAMPLE? 24A 

20 Preparation of H4-cyanobenzyU-5-chIoromethyl imidazole HC1 salt 

Step 1: Preparation of 4-Cyanobenzy)amine 

15 

25 Method 1 (Hydrochloride salt) : A 72 liter vessel was 

charged with 190 proof ethanol (14.4 L) followed by the addition of 4- 
cyanobenzylbromide (2.98 kg) and HMTA (2.18 kg) at ambient 
temperature. The mixture was heated to about 72-75°C over about 60 

30 20 min. On warming, the solution thickens and additional ethanol (1.0 

liter) was added to facilitate stirring. The batch was aged at about 72- 
75°C for about 30 min. 

The mixture was allowed to cool to about 20°C over about 60 

35 min, and HCi gas (2.20 kg) was sparged into the slurry over about 4 

25 hours during which time the temperature rose to about 65°C. The 
mixture was heated to about 70-72°C and aged for about 1 hour. The 
slurry was cooled to about 30°C and ethyl acetate (22.3 L) added over 

40 about 30 min. The slurry was cooled to about -5°C over about 40 min and 

aged at about -3 to about -5°C for about 30 min. The mixture was filtered 
30 and the crystalline solid was washed with chilled ethyl acetate (3 x 3 L). 
The solid was dried under a N2 stream for about 1 hour before charging 

45 to a 50 liter vessel containing water (5.5 L). The pH was adjusted to about 

10-10.5 with 50% NaOH (4.0 kg) maintaining the internal temperature 
below about 30°C. At about 25°C, methylene chloride (2.8 L) was added 
35 and stirring continued for about 15 min. The layers were allowed to 
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settle and the lower organic layer was removed. The aqueous layer was 
extracted with methylene chloride (2 x 2.2 L). The combined organic 
layers were dried over potassium carbonate (650 g). The carbonate was 
removed via filtration and the filtrate concentrated in vacuo at about 
5 25°C to give a free base as a yellow oil. 

The oil was transferred to a 50 liter vessel with the aid of 
ethanol(1.8L). Ethyl acetate (4.1 L) was added at about 25°C. The 
solution was cooled to about 15°C and HC1 gas (600 g) was sparged in 
over about 3 hours, while keeping batch temperature below about 4r0°C. 
10 At about 20-25°C, ethyl acetate (5.8 L) was added to the slurry, followed by 
cooling to about -5°C over about 1 hour. The slurry was aged at about - 
20 5°C for about 1 hour and the solids isolated via filtration. The cake was 

washed with a chilled mixture of EtOAc/EtOH (9:1 v/v) (1 x 3.8 L), then 
the cake was washed with chilled EtOAc (2 x 3.8 L). The solids were 
15 dried in vacuo at about 25°C to provide the above-titled compound. 
25 lH NMR (250 MHz, CDCI3): 5 7.83-7.79 (d, 2H), 7.60-7.57 (d, 2H), 4.79 (s, 

2H), 4.25 (s, 2H); NMR (62.9 MHz, CDCI3): 8 149.9, 139.8, 134.2, 
131.2, 119.7, 113.4, 49.9, 49.5, 49.2, 48.8, 48.5, 48.2, 43.8. 

30 20 Method 2 (phosphate salt) : A slurry of HMTA in 2.5 L EtOH 

was added gradually over about 30 min to about 60 min to a stirred slurry 
of cyanobenzyl-bromide in 3.5 L EtOH and maintained at about 48-53°C 
with heating & cooling in a 22L neck flask (small exotherm). Then the 

35 transfer of HMTA to the reaction mixture was completed with the use of 

25 1.0 L EtOH. The reaction mixture was heated to about 68-73°C and aged 
at about 68-73°C for about 90 min. The reaction mixture was a slurry 
containing a granular precipitate which quickly settled when stirring 

40 stopped. 

The mixture was cooled to a temperature of about 50°C to 
30 about 55 °C. Propionic acid was added to the mixture and the mixture 
was heated and maintained at a temperature of about 50°C to about 55°C. 
45 Phosphoric acid was gradually added over about 5 min to about 10 min, 

maintaining the reaction mixture below about 65°C to form a precipitate- 
containing mixture. Then the mixture was gradually warmed to about 
35 65°C to about 70°C over about 30 min and aged at about 65°C to about 70°C 
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for about 30 min. The mixture was then gradually cooled to about 20- 
25°C over about 1 hour and aged at about 20-25°C for about 1 hour. 

The reaction slurry was then filtered. The filter cake was 
washed four times with EtOH, using the following sequence, 2.5 L each 
time. The filter cake was then washed with water five times, using 300 
mL each time. Finally, the filter cake was washed twice with MeCN (1.0 
L each time) and the above identified compound was obtained. 

Step 2: Preparation of l-(4-Cvanobenzvl)-2-Mercapto-5- 

Hydroxymethylimidazole 

7% water in acetonitrile (50 mL) was added to a 250 mL 
roundbottom flask. Next, an amine phosphate salt (12.49 g), prepared as 
described in Step 1, was added to the flask. Next potassium thiocyanate 
(6.04 g) and dihydroxyacetone (5.61 g) was added. Lastly, propionic acid 
(10.0 mL) was added. Acetonitrile/water 93:7 (25 mL) was used to rinse 
down the sides of the flask. This mixture was then heated to 60°C, aged 
for about 30 minutes and seeded with 1% thioimidazole. The mixture 
was then aged for about 1.5 to about 2 hours at 60°C. Next, the mixture 
was heated to 70°C, and aged for 2 hours. The temperature of the 
mixture was then cooled to room temperature and was aged overnight. 
The thioimidazole product was obtained by vacuum filtration. The filter 
cake was washed four times acetonitrile (25 mL each time) until the 
filtrates became nearly colorless. Then the filter cake was washed three 
times with water (approximately 25-50 mL each time) and dried in vacuo 
to obtain the above-identified compound. 

Step 3: Preparation of l-(4-Cyanobenzyl)-5-Hvdroxvmethvl imidazole 

A 1L flask with cooling/heating jacket and glass stirrer 
(Lab-Max) was charged with water (200 mL) at 25° C. The thioimidazole 
(90.27 g), prepared as described in Step 2, was added, followed by acetic 
acid (120 mL) and water (50 mL) to form a pale pink slurry. The reaction 
was warmed to 40°C over 10 minutes. Hydrogen peroxide (90.0 g) was 
added slowly over 2 hours by automatic pump maintaining a 
temperature of 35-45 °C. The temperature was lowered to 25°C and the 
solution aged for 1 hour. 
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The solution was cooled to 20°C and quenched by slowly 
adding 20% aqueous Na2S03 (25 mL) maintaining the temperature at 

less than 25°C. The solution was filtered through a bed of DARCO G-60 
(9.0 g) over a bed of SolkaFlok (1.9 g) in a sintered glass funnel. The bed 
5 was washed with 25 mL of 10% acetic acid in water. 

The combined filtrates were cooled to 15°C and a 25% 
aqueous ammonia was added oyer a 30 minute period, maintaining the 
temperature below 25 °C, to a pH of 9.3. The yellowish slurry was aged 
overnight at 23 °C (room temperature). The solids were isolated via 
10 vacuum filtration. The cake (100 mL wet volume) was washed with 2 x 
250 mL 5% ammonia (25%) in water, followed by 100 mL of ethyl acetate. 
The wet cake was dried with vacuum/N2 flow and the above-titled 

compound was obtained. 

lH NMR (250 MHz, CDCI3): 6 7.84-7.72 (d, 2H), 7.31-7.28 (d, 2H), 6.85 (s, 
15 1H), 5.34 (s, 2H), 5.14-5.11 (t, 1H), 4.30-4.28 (d, 2H), 3.35 (s, 1H). 

Step 4: Preparation of l-(4-cyanobenzyl)-5-chloromethyl imidazole 

HCLsaU 

20 Method 1 : l-(4-Cyanobenzyl)-5-hydroxymethylimidazole 

(1.0 kg), prepared as described above in Step 3, was slurried with DMF 
(4.8 L) at 22°C and then cooled to -5°C. Thionyl chloride (390 mL) was 
added dropwise over 60 min during which time the reaction temperature 
rose to a maximum of 9°C. The solution became nearly homogeneous 

25 before the product began to precipitate from solution. The slurry was 
warmed to 26°C and aged for 1 h. 

The slurry was then cooled to 5°C and 2-propanol (120 mL) 
was added dropwise, followed by the addition of ethyl acetate (4.8 L). The 
slurry was aged at 5°C for 1 h before the solids were isolated and washed 

30 with chilled ethyl acetate (3x1 L). The product was dried in vacuo at 
40°C overnight to provide the above-titled compound. 
X H NMR (250 MHz DMSO-d6): 5 9.44 (s, 1H), 7.89 (d, 2H, 8.3 Hz), 7.89 (s, 

1H), 7.55 (d, 2H, 8.3 Hz), 5.70 (s, 2H), 4.93 (s, 2H). 13 C NMR (75.5 MHz 
DMSOnd6): 5 C 139.7, 137.7, 132.7, 130.1, 128.8, 120.7, 118.4, 111.2, 48.9, 33.1. 
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Method 2 : To an ice cold solution of dry acetonitrile (3.2 L, 
15 L/Kg hydroxymethylimidazole) was added 99% oxalyl chloride (101 
mL, 1.15 mol, 1.15 equiv.), followed by dry DMF (178 mL, 2.30 mol, 2.30 
5 equiv.), at which time vigorous evolution of gas was observed. After 
stirring for about 5 to 10 min following the addition of DMF, solid 
hydroxymethylimidazole (213 g, 1.00 mol), prepared as described above 
in Step 3, was added gradually. After the addition, the internal 
temperature was allowed to warm to a temperature of about 23°C to 

10 about 25°C and stirred for about 1 to 3 hours. The mixture was filtered, 
then washed with dry acetonitrile (400 mL displacement wash, 550 mL 
slurry wash, and a 400 mL displacement wash). The solid was 
maintained under a N2 atmosphere during the filtration and washing to 
prevent hydrolysis of the chloride by adventitious H2O. This yielded the 

15 crystalline form of the chloromethylimidazole hydrochloride. 

2 H NMR (250 MHz DMSCM6): 5 9.44 (s, 1H), 7.89 (d, 2H, 8.3 Hz), 7.89 (s, 

1H), 7.55 (d, 2H, 8.3 Hz), 5.70 (s, 2H), 4.93 (s, 2H). 13 C NMR (75.5 MHz 
DMSO-d6): 5 C 139.7, 137.7, 132.7, 130.1, 128.8, 120.7, 118.4, 111.2, 48.9, 33.1. 

20 Method 3 : To an ice cold solution of dry DMF (178 mL, 2.30 

mol, 2.30 equiv.) in dry acetonitrile (2.56 L, 12 L/Kg 
Hydroxymethylimidazole) was added oxalyl chloride (101 mL, 1.15 mol, 
1.15 equiv). The heterogeneous mixture in the reagent vessel was then 
transferred to a mixture of hydroxymethylimidazole (213 g, 1.00 mol), 

25 prepared as described in Step 3 above, in dry acetonitrile (1.7 L, 8 L/Kg 
hydroxymethylimidazole). Additional dry acetonitrile (1.1 - 2.3 L, 5 - 11 
L/Kg hydroxymethylimidazole) was added to the remaining solid 
Vilsmeier reagent in the reagent vessel. This, now nearly homogenous, 
solution was transferred to the reaction vessel at Tj < +6°C. The reaction 

30 vessel temperature was warmed to a temperature of about 23°C to about 
25 °C and stirred for about 1 to 3 hours. The mixture was then cooled to 
0°C and aged 1 h. The solid was filtered and washed with dry, ice cold 
acetonitrile (400 mL displacement wash, 550 mL slurry wash, and a 400 
mL displacement wash). The solid was maintained under a N2 
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atmosphere during the filtration and washing to prevent hydrolysis of 
the chloride by adventitious H2O. This yielded the crystalline form of the 

chloromethylimidazole hydrochloride. 

5 EXAMPLE 24B 

Preparation Of l-(4'-Cvanoben2vl) imidazol-5-vlmethvl piperazine 

Step 1: Preparation of l-(4'-C vanobenzvl) imidazol-5-vlmethvl 
piperazine-4-carboxvlic acid benzvl ester 

10 To an acetonitrile solution of l-(4'-cyanobenzyl)-5- 

chloromethylimidazole (7.45 mmol), prepared as described in Example 
24A, Step 4, and diisopropylethyl amine (22.4 mmol) was added 1 -benzyl 
1-piperazine carboxylate (10.4mmol). This solution was stirred for 4.0 
hours at 80°C. The product was isolated after silica column purification. 

15 'H-NMR (CDCI3): 6 7.65 (d, 2H); 7.55 (s, 1H); 7.38 (m, 5H); 7.15 (d, 2H); 
7.0 (s, 1H); 5.3 (s, 2H); 5.1 (s, 1H); 3.4 (m, 4H); 3.3 (s, 2H); 2.3 (m, 4H). 

Step 2: Preparation of l-(4'-Cvanobenzvl) imidazol-5-vlmethvl 
piperazine 

20 The product from Step 1 (6.17 mmol) was dissolved in 

absolute ethanol followed by the introduction of 10% Pd/C catalyst then 
hydrogen under atmospheric pressure. The catalyst was removed via 
filtration through filter-aid and the product was isolated by removing the 
solvent under reduced pressure. 

25 'H-NMR (CD 3 OD): 5 7.8 (s, 1H); 7.75 (d, 2H); 7.3 (d, 2H); 6.9 (s, 1H); 5.45 
(s, 2H); 3.3 (m, 4H); 2.6 (s, 2H); 2.3 (m, 4H). 

EXAMPLE 24C 

Preparation of l-[l-(4'-Cvanobenzvl) imidazol-5-ylmethvl] pinerazine-4- 
30 (DL-2-hvdroxv-2-(o-methoxyphenvl)) acetamide 

Step 1: Preparation of 2-(DL-Q-tert-butvl diohenvlsilvl)-2-(2- 
methoxvphenvPacetic acid 
The title product was obtained by treating DL-2- 
35 methoxymandelic acid (0.20 g, 1.1 mmol) with tert-butyldiphenyl silyl 
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chloride (2.42 mmol) and imidazole (11 mmol) followed by selective 
hydrolysis as outlined in J. Chem. Soc, Perkin Trans I, 1985, 2361. For 
example, the silyl ester was selectively hydrolyzed by treatment with 10% 
aqueous K 2 C0 3 followed by acidification (pH 3) with 1M KHS0 4 . 
'H-NMR (CDClg): 5 6.8-7.7 (m, 14H); 5.4 (s, 1H); 3.65 (s, 3H); 1.05 (s, 9H). 



Step 2: Preparation of l-[l-(4'-Cyanobenzyl) imidazQl-S-ylmethyll 

piperazine-4-(DL-2-hvaroxy-2-(o-methoxyphenyl)) acetamide 
A DMF solution of the product from Step 1 (0.346 g, 0.826 
10 mmol), l-(4'-cyanobenzyl) imidazol-5-ylmethyl piperazine (0.116 g, 0.413 
mmol) (prepared as described in Example 24A, Step 2), HOBt (0.132 g, 
20 0.87 mmol), EDC (0.173 g, 0.91 mmol) and NMM (1.24 mmol) was stirred 

for 18 hours at 25°C. The pure deprotected and protected products were 
obtained directly after preparative hplc separation and lyophilization. . 
15 FAB-MS: calc: 445.5, found: 446.2. 'H-NMR (CD 3 OD): 5 8.2 (s, 1H); 7.7 
25 (d, 2H); 7.3-7.4 (m, 4H); 6.95-7.1 (m, 3H); 5.7 (s, 1H); 5.5 (s, 2H); 3.85 (s, 

3H); 3.5 (m, 1H); 3.0-3.3 (m, 5H); 2.35 (m, 1H); 2.15 (m, 2H); 1.75 (m, 1H). 

EXAMPLE 24D 

30 20 Preparation of l-fl-^-cvanobenzvn imidazol-5-vlmethvl]-4-Fl-(2.6- 

dimethylbenzyloxycarbonyll piperazine bis trifloroacetate salt 

A solution of 250 rag (1.84 mmol) of 2,5-dimethylbenzyl 
35 alcohol and 409 mg (2.03 mmol) of p-nitrophenylchloroformate in 5 ml of 

25 7:1 THF/acetonitrile under an argon atmosphere was treated with 164 
ml (2.03 mmol) of pyridine, and the resulting suspension was stirred 
vigorously at room temp, for 18h. The reaction was concentrated in 
40 vacuo to give a clear oil. The oil was dissolved in a minimum of 

chloroform and was chromatographed over silica gel with 9:1 
30 hexanes/ethyl acetate as eluant. Product fractions were combined and 
concentrated in vacuo to give the carbonate intermediate as an off-white 
solid. 

400 Mhz H 1 NMR(CDC1 3 ): 5 2.44 (d, 6H), 5.44 (s, 2H), 7.09 (d, 2H), 7.20 (t, 
1H), 7.40 (d, 2H), 8.29 (d, 2H). 
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A solution of 219 mg (0.71 mmol) of the above prepared 
carbonate intermediate, 200 mg (0.71 mmol) of l-(4'-Cyanobenzyl) 
imidazol-5-ylmethyl piperazine (prepared as described in Example 24B, 
10 Step 2) and 247 ml (1.42 mmol) of DIEA in 2 ml of methylene chloride 

5 was stirred at room temp, for 18h. The reaction was concentrated in 
vacuo to a yellow oil. The oil was purified by reversed phase preparatory 
LC, and the pure fractions combined and concentrated to remove 
* 5 volatiles. Lyophilization of the aqueous residue provided the bis 

trifluoroacetic acid salt of the desired product as an amorphous fluffy 
10 white powder. 

FAB MS: M+ = 444.2. 400 Mhz H 1 NMR(CDC1 3 ): 5 2.39 (s, 6H), 2.65 (br s, 
20 4H), 3.58 (br s, 4H), 3.67 (s, 2H), 5.22 (s, 2H), 5.57 (s, 2H), 7.04 (d, 2H), 7.18 

(t, 1H), 7.26 (d f 2H), 7.54 (s, 1H), 7.72 (d, 2H), 8.80 (s, 1H). 

15 EXAMPLE 2 4E 

25 Preparation of l-[l-(4 , -cyanobenzyl) iinidazol-5-ylmethyl]-4-[l-(2- 

ethoxvbenzvloxvcarbonvll piperazine 

In a manner identical to that described above in Example 
30 20 24D, from 160 mg (0.53 mmol) of (2-ethoxybenzyl)-(4-nitrophenyl) 

carbonate (prepared as described above in Example 24D from p- 
nitrophenylchloroformate and 2-ethoxybenzyl alcohol) and 150 mg (0.53 
mmol) of l-(4'-Cyanobenzyl) imidazol-5-ylmethyl piperazine (prepared as 
35 described above in Example 24B, Step 2) was obtained the bis 

25 trifluoroacetic acid salt of the title compound as an amorphous fluffy 
white powder. 

High Res. FAB MS: M+ theo. = 460.2343, obs. = 460.2364. 400 Mhz H 1 
40 NMR(DMSO-d 6 ): 6 1.36 (t, 3H), 2.39 (br s, 4H), 3.21 ( br s, 2H + 4H), 3.56 

(br s, 2H), 4.04 (q, 2H), 5.02 (s, 2H), 5.60 (s, 2H), 6.93 (t, 1H), 7.00 (d, 1H), 
30 7.26 (t, 1H), 7.29 (d, 1H), 7.44 (d, 2H), 7.71 (s, 1H), 7.89 (d ,2H), 9.18 (s, 1H). 
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EXAMPLE 25 

Preparation of [N-Ac-(4-trans-L-Hyp)]-Ala-Ser-Chg-Gln-Ser-Leu-Dox 
(SEQJD.NO.: 35) 



0 OH 




M j — AlaSerChgGlnSerLeu 



N— \ 



C-terminus 
OH 

5 

Step A : [N-Ac-(4-trans-L-Hyp(Bzl))]-Ala-Ser(Bzl)Chg-Gln- 

Ser(Bzl)Leu-PAM Resin (3-1). 

Starting with 0.5 mmol (0.67g) Boc-Leu-PAM resin, the 
protected peptide was synthesized on a 430A ABI peptide synthesizer. 

10 The protocol used a 4 fold excess (2 mmol) of each of the following 
protected amino acids: Boc-Ser(Bzl), Boc-Gln, Boc-Chg, Boc-Ala, 
N-Boc-(4-trans-L-Hyp(Bzl)). Coupling was achieved using DCC and 
HOBT activation in methyl-2-pyrrolidinone. Acetic acid was used for the 
introduction of the N terminal acetyl group. Removal of the Boc group 

15 was performed using 50% TFA in methylene chloride and the TFA salt 
neutralized with diisopropylethyl amine. At the completion of the 
synthesis the peptide resin was dried to yield Intermediate 3-1. 



- 396 - 



WO 00/59930 



PCT/US00/08762 



StepB : [N-Ac-(4-trans-L-Hyp)]-Ala-Ser-Chg>Gln-Ser-Leu-OH 

&Z1 . 

The protected peptide resin (3-1), 1.2 g, was treated with HF 

(20 ml) for 1 hr at 0*C in the presence of anisole (2 ml). After evaporation 
5 of the HF, the residue was washed with ether, filtered and extracted 

with H2O (200 ml). The filtrate was lyophilyzed to yield Intermediate 3-2. 

StepC : fN-Ac-(4-trans-L-HvD)l-Ala-Ser-Chg-Gln-Ser-Leu-Dox 

The above described intermediate (3-2), 1.157 g (1.45 mmol) 

10 was dissolved in DMSO (30 ml) and diluted with DMF (30 ml). To the 
solution was added doxorubicin hydrochloride, 516 mg.(0.89 mmol) 
followed by 0.310 ml of diisopropylethylamine (1.78 mmol). The stirred 
solution was cooled (0°C) and 0.276 ml of diphenylphosphoryl azide (1.28 
mmol) added. After 30 minutes, an additional 0.276 ml (1.28 mmol) of 

15 DPPA was added and the pH adjusted to -7.5 (pH paper) with 

diisopropylethylamine (DIEA). The pH of the cooled reaction (0°C) was 
maintained at -7.5 with DIEA for the next 3 hrs. and the reaction stirred 
at 0-4°C overnight. After 18 hrs., the reaction (found to be complete by 
analytical HPLC, system A) was concentrated to an oil. Purification of 

20 the crude product was achieved by preparative HPLC, Buffer A = 0.1% 
NH4OAC-H2O; B=CH 3 CN. The crude product was dissolved in 400 ml of 
100% A buffer, filtered and purified on a C-18 reverse phase HPLC radial 
compression column (Waters, Delta-Pak, 15uM, 100A). A step gradient 
of 100% A to 60% A was used at a flow rate of 75 ml/min (UV = 214nm). 

25 Homogeneous product fractions (evaluated by HPLC, system A) were 
pooled and freeze-dried. The product was dissolved in H 2 0 (300 ml), 
filtered and freeze-dried to provide the purified title compound. 

PHYSICAL PROPERTIES 

30 

The physical/chemical properties of the product of Step C are shown 
below: 

Molecular Formula: C62H85N9O23 
35 Molecular Weight: 1323.6 
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High Resolution ES Mass Spec: 1341.7 (NH/) 
HPLC: System A 

Column: Vydac 15 cm #218TP5415, C18 

Eluant: Gradient 95:5 (A:B) to 5:95 (A:B) over 

5 45 min. A=0.1% TFA/H 2 0, B=0.1% 

TFA/Acetonitrile 
Flow: .1.5 ml/min. 

Wavelength: 214 nm, 254 nm 

Retention Time: 18.2 min. 

10 Amino Acid Compositional Analysis h 

Theory Found 
Ala (1) 1.00 
Ser (2) 1.88 
Chg(l) 0.91 
15 Gln2(l) l.OO(asGlu) 

Hyp (1) 0.80 
Leu (1) 1.01 
Peptide Content: 0.657 urnol/mg 
Note: 120 hr., 100'C, 6N HC1 
20 ^Ghx converted to Glu 
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EXAMPLE ?6 

Preparation of [N-Glutaryl-(4-trans-L-Hyp)l -Ala-Ser-Chg-Gln-Ser-Leu- 
Po* (SgQJD.NO-: 60) (Compound B) 



Step A : [N-Glutaryl(OFm)-(4-trans-L-Hyp)]-Ala-Ser-Chg-Gln-Ser- 

Leu-PAM Resin 

Starting with 0.5mmol (0.67g) Boc-Leu-PAM resin, the 
protected peptide was synthesized on a 430A ABI peptide synthesizer. 
The protocol used a 4 fold excess (2 mmol) of each of the following 
protected amino acids: Fmoc-Ser(tBu), Fmoc-Gln(Trt), Fmoc-Chg, 
Fmoc-Ala, Boc-(4-trans-L-Hyp). Coupling was achieved using DCC and 
HOBT activation in methyl-2-pyrrolidinone. The intermediate mono 
fluorenylmethyl ester of glutaric acid [Glutaryl(OFm)] was used for the 
introduction of the N-terminal glutaryl group. Removal of the Fmoc 
group was performed using 20% piperidine. The acid sensitive 
protecting groups, Boc, Trt and tBu, were removed with 50% TFA in 
methylene chloride. Neutralization of the TFA salt was with 
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diisopropylethylamine. At the completion of the synthesis, the peptide 
resin was dried to yield the title compound. 

StepB : [N-Glutaryl(OFm)-(4-trans-L-Hyp)]-Ala-Ser-Chg-Gln-Ser- 

hm-on 

The protected peptide resin from Step A, 1.2 g, was treated 
with HF (20 ml) for 1 hr at 0°C in the presence of anisole (2 ml). After 
evaporation of the HF, the residue was washed with ether, filtered and 
extracted with DMF. The DMF filtrate (75 ml) was concentrated to 
dryness and triturated with H 2 0. The insoluble product was filtered and 
dried to provide the title compound. 

Step C: [N-Glutaryl(OFm)-(4-trans-L-Hyp)]-Ala-Ser-Chg-Gln-Ser- 

Lqu-Dox. . 

The above prepared intermediate from Step B, (1.33g, 
1.27mmol) was dissolved in DMSO (6 ml) and DMF (69 ml). To the 
solution was added doxorubicin hydrochloride, 599 mg (1.03 mmol) 
followed by 376ul of diisopropylethylamine (2.16 mmol). The stirred 
solution was cooled (0°C) and 324 ul of diphenylphosphoryl azide 
(L5mmol) added. After 30 minutes, an additional 324 ul of DPPA was 
added and the pH adjusted to -7.5 (pH paper) with diisopropylethyl- 
amine (DIEA). The pH of the cooled reaction (0°C) was maintained at 
-7.5 with DEEA for the next 3 hrs and the reaction stirred at 0-4°C . 
overnight. After 18 hrs., the reaction (found to be complete by analytical 
HPLC, system A) was concentrated to provide the title compound as an 
oil. 

Ste^D: [N-Glutarvl-(4-tran S -L-Hvn)1 -Ala-S e r-r:hg-Gln-Ser-Leu-Dox 

The above product from Step C was dissolved in DMF (54 
ml), cooled (0°C) and 14 ml of piperidine added. The solution was 
concentrated to dryness and purified by preparative HPLC. (A=0.1% 
NH 4 OAc-H 2 0; B=CH 3 CN.) The crude product was dissolved in 100 ml of 
80% A buffer, filtered and purified on a C-18 reverse phase HPLC radial 
compression column (Waters, Delta-Pak, 15u, 100A). A step gradient of 
80% A to 67% A was used at a flow rate of 75 ml/min (uv = 214nm). 
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Homogeneous product fractions (evaluated by HPLC, system A) were 
pooled and freeze-dried. The product was further purified using the 
above HPLC column. Buffer A = 15% acetic acid-H 2 0; B=15% acetic acid- 
methanol. The product was dissolved in 100 ml of 20% B/80% A buffer 
and purified. A step gradient of 20% B to 80% B was used at a flow rate of 
75 ml/min (uv = 260nm). Homogeneous product fractions (evaluated by 
HPLC, system A) were pooled, concentrated and freeze-dried from H 2 0 
to yield the purified title compound. 



High Resolution ES Mass Spec: 1418.78 (Na + ) 
HPLC: System A 

Column: Vydac 15 cm #218TP5415, C18 

Eluant: Gradient 95:5 (A:B) to 5:95 (A:B) over 45 min. 

A=0.1% TFA/H 2 0, B=0.1% TFA/Acetonitrile 

Flow: 1.5 ml/min. 

Wavelength: 214 nm, 254 nm 

Retention Time: 18.3 min. 



Amino Acid Compositional Analysis 1 : 

Theory Found 
Ala(l) 0.99 
Ser(2) 2.02 
Chg (1) 1.00 
Gln2 (1) 1.01 (as Glu) 

Hyp (1) 0.99 
Leu (1) 1.00 
Peptide Content: 0.682 p.mol/mg 
Note: !20 hr., 100'C, 6N HC1 
^Gln converted to Glu 
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EXAMPLE 27 

Preparation of (4-trans-L-Hyp)-Ala-Ser-Chg-Gln-Ser-Leu-Dox 
(SEQJD.NO.: 61) 



Step A : Fmoc-(4-trans-L-Hyp(Bzl))-Ala-Ser(Bzl)Chg-Gln- 

Ser(Bzl)Leu-PAM Resin 

Starting with 0.5 mmol (0.67g) Boc-Leu-PAM resin, the 
protected peptide was synthesized on a 43 OA ABI peptide synthesizer. 
The protocol used a 4 fold excess (2 mmol) of each of the following 
protected amino acids: Boc-Ser(Bzl), Boc-Gln, Boc-Chg, Boc-Ala, N-Boc- 
(4-trans-L-Hyp(Bzl)). Coupling was achieved using DCC and HOBT 
activation in methyl-2-pyrrolidinone. Fmoc-OSu (succinamidyl ester of 
Fmoc) was used for the introduction of the N-terminal protecting group. 
Removal of the Boc group was performed using 50% TFA in methylene 
chloride and the TFA salt neutralized with diisopropylethylamine. At 
the completion of the synthesis the peptide resin was dried to yield the 
title intermediate. 





CH 3 0 O OH 6 



C-terminus 



OH 
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StepP: Fmoc-(4-trans-L-Hvp)-Ala-Ser-Chg-Gln-Ser-Leu-OH 

The protected peptide resin from Step A, 1.1 g, was treated 
with HF (20 ml) for 1 hr at 0*C in the presence of anisole (2 ml). After 
evaporation of the HF, the residue was washed with ether, filtered and 
extracted with H 2 0 (200 ml). The filtrate was lyophilyzed to yield the title 
intermediate. 

Step C : Fmoc-(4-trans-L-Hvp)-Ala-Ser-Chgr-Gln-Ser-Leu-Dox 

The intermediate from Step B, 0.274 g, was dissolved in 
DMSO (10 ml) and diluted with DMF (10 ml). To the solution was added 
doxorubicin hydrochloride, 104 mg followed by 62 uL of 
diisopropylethylamine (DIEA). The stirred solution was cooled (0°C) and 
56 uL of diphenylphosphoryl azide added. After 30 minutes, an 
additional 56 uL of DPPA was added and the pH adjusted to -7.5 (pH 
paper) with DIEA. The pH of the cooled reaction (0°C) was maintained 
at -7.5 with DIEA. After 4 hrs., the reaction (found to be complete by 
analytical HPLC, system A) was concentrated to an oil. HPLC 
conditions, system A. 

Steafi: (4-trans-L-Hyp)-Ala-Ser-Chg-Gln-Sgr^eu-Dpx 

The above product from Step C was dissolved in DMF 
(10 ml), cooled (0°C) and 4 ml of piperidine added. The solution was 
concentrated to dryness and purified by preparative HPLC. (A=0.1% 
NH4OAC-H2O; B=CH 3 CN.) The crude product was dissolved in 100 ml of 
90% A buffer, filtered and purified on a C-18 reverse phase HPLC radial 
compression column (Waters, Delta-Pak, 15u, 100A). A step gradient of 
90% A to 65% A was used at a flow rate of 75 ml/min (uv = 214nm). 
Homogeneous product fractions (evaluated by HPLC, system A) were 
pooled and freeze-dried. 

Molecular Formula: C60H83N9O22 
Molecular Weight: 1281.56 
High Resolution ES Mass Spec: 1282.59 (MrT) 
HPLC: System A 



- 403 - 



WO 00/59930 



PCT/US00/08762 



10 



15 



45 



Column: Vydac 15 cm #218TP5415, C18 

Eluant: Gradient 95:5 (A:B) to 5:95 (A:B) over 45 min. 

A=0.1% TFA/H 2 0, B=0.1% TFA/Acetonitrile 
Flow: 1.5 ml/min. 

Wavelength: 214 nm, 254 nm 
Retention Time: 17.6 min. 



Amino Acid Compositional Analysis 1 : 

Theory Found 
10 Ala (1) 1.00 

Ser(2) 1.94 
20 Chg (1) 0.94 

Gln 2 (l) 1.05(asGlu) 
Hyp(l) 0.96 
15 Leu (1) 1.03 

25 Peptide Content: 0.690 umol/mg 

Note: 1-20 hr., 100'C, 6N HC1 
^Gln converted to Glu 

30 20 EXAMPLE 28 

deg-Acetylvinblastine-4-Q-(N-Acetvl-4-trans-L-Hvp-Ser-Ser-Chg-Gln- Ser- 
Ser-Pro) ester (SEQ.ID.: 49) 

35 Step A: Preparation of $-des- Acetyl vinblastine 

25 A sample of 2.40 g (2.63 mmol) of vinblastine sulfate (Sigma 

V-1377) was dissolved under N2 in 135 ml of absolute methanol and 

treated with 45 ml of anhydrous hydrazine, and the solution was stirred 
40 at 20-25°C for 18 hr. The reaction was evaporated to a thick paste, which 

was partitioned between 300 ml of CH2CI2 and 150 ml of saturated 
30 NaHC03. The aqueous layer was washed with 2 100-ml portions of 

CH2CI2 , and each of the 3 CH2CI2 layers in turn was washed with 100 
ml each of H2O (2X) and saturated NaCl (IX). The combined organic 
layers were dried ovet anhydrous Na2S04, and the solvent was removed 
at reduced pressure to yield the title compound as an off-white 
35 crystalline solid. This material was stored at -20°C until use. 
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StepB: Preparatio n of 4-des- Acetyl vinblastine 4-Q-(ProIyl) ester 

A sample of 804 mg (1.047 mmol) of 4-des- acetylvinblastine, 
dissolved in 3 ml of CH2CI2 and 18 ml of anhydrous pyridine under 
nitrogen, was treated with 1.39 g of Fmoc-proline acid chloride (Fmoc- 
Pro-Cl, Advanced Chemtech), and the mixture was stirred for 20 hr at 
25°C. When analysis by HPLC revealed the presence of unreacted 
starting des- acetylvinblastine, another 0.50 g of Fmoc-Pro-Cl was added, 
with stirring another 20 hr to complete the reaction. Water (ca. 3 ml) 
was added to react with the excess acid chloride, and the solution was 
then evaporated to dryness and partitioned between 300 ml of EtOAc and 
150 ml of saturated NaHC03, followed by washing twice with saturated 
NaCl. After drying (Na2S04), the solvent was removed under reduced 
pressure to give an orange-brown residue, to which was added 30 ml of 
DMF and 14 ml of piperidine, and after 5 min the solution was 
evaporated under reduced pressure to give a orange-yellow semi-solid 
residue. After drying in vacuo for about 1 hr, approx. 200 ml of H2O and 

100 ml of ether was added to this material, followed by glacial HOAc 
dropwise with shaking and sonication until complete dissolution had 
occurred and the aqueous layer had attained a stable pH of 4.5-5.0 
(moistened pH range 4-6 paper). The aqueous layer was then washed 
with 1 100-ml portion of ether, and each ether layer was washed in turn 
with 50 ml of H2O. The combined aqueous layers were subjected to 
preparative HPLC in 2 portions on a Waters C4 Delta-Pak column 15uM 
300A (A = 0.1% TFA/H2O; B = 0.1% TFA/CH3CN), gradient elution 95 -> 
70% A/ 70 min. Pooled fractions yielded, upon concentration and 
lyophilization, the title compound. 

StepC : N-Acetyl-4-trans-L-Hyp-Ser-Ser-Chg-Gln-Ser-Ser-WANG. 

Resin 

Starting with 0.5 mmole (0.61 g) of Fmoc-Ser(t-Bu)-WANG 
resin loaded at 0.82 mmol/g, the protected peptide was synthesized on a 
ABI model 430A peptide synthesizer adapted for Fmoc/t-butyl-based 
synthesis. The protocol used a 2-fold excess (1.0 mmol) of each of the 
following protected amino acids: Fmoc-Ser(t-Bu)-OH, Fmoc-Gln-OH, 
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Fmoc-Chg-OH, Fmoc-4-trans-L-Hyp-OH; and acetic acid (double 
coupling). During each coupling cycle Fmoc protection was removed 
using 20% piperidine in N-methyl-2-pyrrolidinone (NMP), followed by 
washing with NMP. Coupling was achieved using DCC and HOBt 
activation in NMP. At the completion of the synthesis, the peptide resin 
was dried to yield the title compound. 

StepD : N-Acetvl-4-trans-L-Hvp-Ser-Ser-Chg-Gln-Ser-Ser- OH 

One 0.5-mmol run of the above peptide -resin was suspended 
in 25 ml of TFA, followed by addition of 0.625 ml each of H2O and 

triiso propyl sil an e, then stirring at 25° for 2.0 hr. The cleavage mixture 
was filtered, the solids were washed with TFA, the solvents were 
removed from the filtrate under reduced pressure, and the residue was 
triturated with ether to give a pale yellow solid, which was isolated by 
filtration and drying in vacuo to afford the title compound. 

HPLC conditions, system A: 

Column... Vydac 15 cm #218TP5415, C18 
Eluant... Gradient (95%A --> 50%A) over 45 min. 

A = 0.1% TFA/H2O, B = 0.1% 
TFA/acetonitrile 
Flow... 1.5 ml/mi n 

High Resolution ES/FT-MS: 789.3 

SteB_E: des- Acetylvinblastine-4-0-(N-Acetyl-4-trans-L-Hyp-Ser-Ser- 

Chg-Gln-Ser-Ser-Pro) ester 

Samples of 522 mg (0.66 mmol) of the peptide prepared as 
described in step D and 555 mg (ca. 0.6 mmol) of 4-des- Acetyl vinblastine 
4-0-(Prolyl) ester from Step B, prepared as above, were dissolved in 17 ml 
of DMF under N2- Then 163 mg (1.13 mmol) of l-hydroxy-7- 
azabenzotriazole (HOAt) was added, and the pH was adjusted to 6.5-7 
(moistened 5-10 range pH paper) with 2,4,6-collidine, followed by cooling 
to 0°C and addition of 155 mg (0.81 mmol) of l-(3-dimethylaminopropyl)- 
3-ethylcarbodiimide hydrochloride (EDO. Stirring was continued at 0- 
5°C until completion of the coupling as monitored by analytical HPLC (A 
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= 0.1% TFA/H2O; B = 0.1% TFA/CH3CN), maintaining the pH at 6.5-7 by 

periodic addition of 2,4,6-collidine. After 12 hr the reaction was worked 
up by addition of -4 ml of H2O and, after stirring 1 hr, concentrated to a 

small volume in vacuo and dissolution in ca. 150 ml of 5% HOAc. and 
preparative HPLC in two portions on a Waters Cl8 Delta-Pak column 
15uM 300A (A = 0.1% TFA/H20; B = 0.1% TFA/CH3CN, gradient elution 
95 -> 65% A / 70 min). Homogeneous fractions containing the later- 
eluting product (evaluated by HPLC, system A, 95 -> 65% A / 30 min) 
from both runs were pooled and concentrated to a volume of -50 ml and 
passed through approx. 40 ml of AG4X4 ion exchange resin (acetate 
cycle), followed by freeze-drying to give the title compound as a 
lyophilized powder. 

High Resolution ES/FT-MS: 1637.0 

EXAMPLE 39 

des-Acetylvinblastme-4-0-(N-Acetyl-4-trans-L-Hyp-Ser-Ser-Chg-Gln-Ser 1 
Ser-Pro) ester acetate (SEQ.ID.NO.: 49) 

A sample of 4.50 g (3.7 mmol) of 4-0-(prolyl) des- 
acetyl vinblastine TFA salt, prepared as described in Example 28, Step B, 
was dissolved in 300 ml of DMF under N2, and the solution was cooled to 

0°. Then 1.72 g (10.5 mmol) of 3,4-dihydro-3-hydroxy-4-oxo-l,2,3- 
benzotriazine (ODHBT) was added, and the pH was adjusted to 7.0 
(moistened 5-10 range pH paper) with N-methylmorpholine (NMM), 
followed by the addition of 4.95 g (5.23 mmol) of the N-acetyl-heptapeptide 
of Example 28, Step D, portionwise allowing complete dissolution 
between each addition. The pH was again adjusted to 7.0 with NMM, 
and 1.88 g (9.8 mmol) of l-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (EDC) was added, followed by stirring of the solution at 0- 
5°C until completion of the coupling as monitored by analytical HPLC 
(system A), maintaining the pH at ca. 7 by periodic addition of NMM. 
The analysis showed the major component at 26.3 min retention time 
preceded by a minor component (ca. 10 %) at 26.1 min, identified as the 
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D-Ser isomer of the title compound. After 20 hr the reaction was worked 
up by addition of 30 ml of H2O and, after stirring 1 hr, concentrated to a 

small volume in vacuo and dissolution in ca. 500 ml of 20% HOAc. and 
10 preparative HPLC in 12 portions on a Waters C18 Delta-Pak column 

5 15mM 300A (A = 0.1% TFA/H2O; B = 0.1% TFA/CH3CN), gradient 

elution 85 ~> 65% A / 90 min) at a flow rate of 80 ml/min. 

Homogeneous fractions (evaluated by HPLC, system C) 
15 representing approx. one-fourth of the total run were pooled and 

concentrated to a volume of -150 ml and passed through approx. 200 ml 
10 of Bio-Rad AG4X4 ion exchange resin (acetate cycle), followed by freeze- 
drying of the eluant gave the acetate salt of the title compound as a 
20 lyophilized powder: retention time (system A) 26.7 min, 98.9% pure; 

high resolution ES/FT-MS m/e 1636.82; amino acid compositional 
analysis 20 hr, 100°C, 6N HC1 (theory/found), Ser4/3.91 (corrected), Glu 
1 5 1/0.92 (Gin converted to Glu), Chg 1/1.11, Hyp 1/1.07, Pro 1/0.99, peptide 
25 content 0.516 mmol/mg. 

Further combination of homogeneous fractions and 
purification from side fractions, processing as above through approx. 
500 ml of ion exchange resin, afforded an additional amounts of the title 
30 20 compound. 
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HPLC conditions, system A: 

Column... Vydac 15 cm #218TP5415, C18 
Flow... 1.5 ml/min. 
25 Eluant... Gradient (95%A -> 50%A) over 45 min. 

A = 0.1% TFA/H2O, B = 0.1% TFA/acetonitrile 
Wavelenth... 214nm, 280 nm 

HPLC conditions, system C: 
30 Column... Vydac 15 cm #218TP5415, C18 

Flow... 1.5 ml/min. 

Eluant... Gradient (85%A --> 65%A) over 30 min. 

A = 0.1% TFA/H2O, B = 0.1% TFA/acetonitrile 

Wavelenth... 214nm, 280 nm 
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EXAMPLE 30 

Preparation of 4-des- Acetylvmblastme^-U'-aminomethylbicyclo- 
l2.2.21octane) Diethylamide (BDAM-(dAc)vinblastine) 

Step A Preparation of 4-des- Acetvlvinblastine-23-hvdrazide 
A sample of 3.99 g (4.38 mmol) of vinblastine sulfate 
(Sigma V-1377) was dissolved in 30.4 ml of 1:1 (v/v) absolute ethanol / 
anhydrous hydrazine, under N2, and the solution was heated in an 
oil bath at 60-65 °C for 23 nr. Upon cooling, the solution was 
evaporated to a thick paste, which was partitioned between 300ml of 
CH2CI2 and 150 ml of saturated NaHC03. The aqueous layer was 
washed with 2 100-ml portions of CH2CI2, and each of the 3 CH2CI2 
layers in turn was washed with 100 ml each of H 2 0 (2X) and 
saturated NaCl (IX). The combined organic layers were dried over 
anhydrous Na2S04, and the solvent was removed in vacuo to yield, 
after drying 20 hr in vacuo, the title compound as a white crystalline 
solid. This material was dissolved in 82 ml of dry, degassed DMT for 
storage at -20°C until use (cone. 36 mg/ml). 

StepB Boc-4-aminomethylbicvclo-f2,2.21octane carboxylic acid 

A sample of 8.79 g (40.0 mmol) of 4-carboxybicyclo- 
[2.2.2] octanemethylamine hydrochloride salt suspended in 100 ml 
each of THF and H2O was treated with 20.0 ml (14.6 g = 3.3 equiv.) of 
TEA, followed by 11.8 g (47.9 mmol) of BOC-ON reagent. All went into 
solution, and after stirring 24 hr the solution was concentrated in 
vacuo to a volume of about 50 ml and partitioned between 100 ml of 
ether and 300 ml of H2O. After addition of about 2 ml of TEA the 
aqueous layer was washed with ether (3X), each ether in turn 
washed with H2O, and the combined aqueous layer was acidified 
with 5% KHSO4 to give the title compound as a white solid, isolated by 
filtration and drying in vacuo. 
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StepC Boc-4-ami nomethvlbicvclo-f2.2.21octane carboxamide 

A stirred solution under N2 of 12.0 g (42.5 ramol) of the 
product from step B in 100 ml of DMF was treated with 8.0 g (49.3 
mmol) of carbonyidiimidazole. After 30 min the DMF was evaporated 
in vacuo to afford 50-60 ml of a light brown paste, which was stirred 
and treated with 70 ml of cone. NH4OH rapidly added. The initial 
solution turned to a white paste within 30 min, after which H2O was 
added up to a total volume of 400 ml to complete precipitation of 
product, which was triturated and isolated by filtration and washing 
with H2O, and dried in vacuo to yield the title compound as a white 
solid. 

StepP Boc-4-aminomethvlbicvclo-f2.2.21octane nitrile 

A solution of 7.52 g (26.6 mmol) of the product from step 
C in 50 ml of CH2CI2 and 80 ml of anhydrous pyridine was treated 

with 11.12 g of (methoxycarbonylsulfamoyl)-triethyl-ammonium 
hydroxide inner salt (Burgess reagent) in 1-g portions over 5 min. 
After stirring for 1.5 hr, TLC (90-10-1, CHCI3-CH3OH-H2O) showed 
complete conversion to product, and the solution was evaporated to 
give a paste, to which H20 was added, up to 400 ml, with trituration 
and stirring to afford, after standing 20 hr at 0°C, filtration and 
drying in vacuo, the title compound as a white solid. 

StepJJ Boc-4-aminomethvlbicvclo- [2.2.21 octane methvlamine 

A solution of 6.75 g (25.5 mmol) of the product from step 
D in 200 ml of CH3OH plus 4 ml of HOAc and 2 ml of H2O was 
hydrogenated over 1.63 g of Pt02 in a Parr shaker at 55 psi for 22 hr. 
The catalyst was removed by filtration through Celite, and the filtrate 
was concentrated in vacuo to an oily residue, which was 
flushed/evaporated with CH3OH (IX) and CH2CI2 (2X). Product 
began to crystallize toward the end of the evaporation, and ether (up 
to 300 ml) was added to complete the precipitation. The white solid 
was triturated and isolated by filtration and washing with ether to 
give, after drying in vacuo, the title compound as the acetate salt. 
400 Mhz 1H-NMR (CDCI3): 6 (ppm, TMS) 4.5 (Is, Boc-KH); 
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2.9 (2br d, -£H2-NH-Boc); 2.45 (2br s, -CH2-NH2); 

2.03 (3s, Cfl3COOH);1.45 (9s, Boc); 1.40 (12s, ring CH2). 

StepF Preparation of 4-ctes- Acetylvinblastine-23-(4'- 

aminomethylbicyclo-[2.2.2]octane) methylamide (BDAM- 

(dAcfranblastine) 

A 30-ml aliquot of the above DMF solution of 4-de$- 
acetylvinblastine-23-hydrazide (1.41 mmol), cooled to -15°C under 
Argon, was converted to the azide in situ by acidification with 4M HC1 
in dioxane to pH < 1.5 (moistened 0-2.5 range paper), followed by 
addition of 0.27 ml (1.3 equiv) of isoamyl nitrite and stirring for 1 hr at 
10-15°C. The pH was brought to 7 by the addition of DIEA, and a 
slurry of 1.27 g (3.8 mmol) of the Boc diamine product from step E 
above in 20 ml of DMF was then added, and the reaction was allowed 
to warm slowly to 15-20° C over 2 hr, at which point coupling was 
complete, as monitored by analytical HPLC (A = 0.1% TFA/H2O; B = 
0.1% TFA/CH3CN). The solvent was removed in vacuo and the 
residue partitioned between EtOAc and 5% NaHC03, the organic 

layer washed with 5% NaCl, and the aqueous layers back -extracted 
with CH2CI2 to assure removal of the intermediary Boc-BDAM- 
(dAc)vinblastine. The combined organic layers were dried over 
Na2S04, the solvent was removed under reduced pressure, and the 
residue, after flush/evaporation twice from CH2CI2, was dissolved in 
30 ml of CH2CI2 and treated with 30 ml of TFA for 30 min. The 
solvents were rapidly removed in vacuo, and the residue was 
dissolved in 300 ml of 10% HOAc for purification by preparative HPLC 
in 5 portions on a Waters C4 Delta-Pak column 15uM 300A (A = 0.1% 
TFA/H2O; B = 0.1% TFA/CH3CN), gradient elution 95 --> 70% A / 60 
min, isocratic 70% / 20 min. Homogeneous fractions (evaluated by 
HPLC, system A, 95 -> 50% A) from the five runs were pooled and 
concentrated in vacuo, followed by freeze-drying to give of the title 
compound as the lyophilized TFA salt. 
HPLC conditions, system A: 

Column... Vydac 15 cm #218TP5415, C18 
Eluant... Gradient (A --> B) over 45 min. 
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A = 0.1% TFA/H20, B = 0.1% TFA/acetonitrile 
Flow... 1.5 ral/min. 

Retention time: BDAM (dAc) vinblastine 23.5 min. (95% ~> 50% A) 

97% purity 
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High Resolution ES/FT-MS: 905.63 

Compound content by elemental analysis = 0.714 umol/mg: 
N (calc) = 9.28 N (found) = 6.00 

EXAMPLE 31 

Preparation of 4-des- Acetylvinblastine-23-(N-Acetyl-Ser-Ser-Ser- 
Ch g-Qln-Ser-Val-BDAM) am ide acetate s alt (SEQ.ID.NO.: 45) 



15 




N-terminus 
_ , C-terminus 

H 3 C ^ SerSerSe rC hgGln-SerVal — NH 
(SEQ.ID.NO.: 45), 
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Step A : N-Acetyl-Ser-Ser-Ser-Chg-Gln-Ser-Val-PAM Resin 

(SEQJD.NO.: 45) 

Starting with 0.5 mmole (0.68 g) of Boc-Val-PAM resin, 
the protected peptide was synthesized on a ABI model 430A peptide 
synthesizer. The protocol used a 4-fold excess (2.0 mmol) of each of 
the following protected amino acids: Boc-Ser(Bzl)-OH, Boc-Gln-OH, 
Boc-Chg-OH; and acetic acid (2 couplings). During each coupling 
cycle Boc protection was removed using TFA, followed by 
neutralization with DIEA. Coupling was achieved using DCC and 
HOBt activation in N-methyl-2-pyrrolidinone. At the completion of 
the synthesis, the peptide resin was dried to yield the title compound. 

StepB : N-Acetyl-Ser-Ser-Ser-Chg-Gln-Ser-Val-OH 

(SEQ.ID,NQ,;4 5 ) 

Three 0.5-mmol runs of the above peptide-resin (3.5 g) 
were combined and treated with liquid HF (65 ml) for 1.5 hr at 0°C in 
the presence of anisole (6 ml). After evaporation of the HF, the 
residue was washed with ether, filtered and leached with 150 ml of 
DMF in several portions, adding DIEA to pH -8, followed by removal 
of the DMF in vacuo to a volume of 100 ml. The concentration was 
determined as ca. 11.7 mg/ml ( by weighing the dried resin before and 
after leaching. The sample purity was determined as 96% by HPLC. 
The solution was used directly for conjugation with BDAM- 
(dAc)vinblastine. 

StepC : 4-Des- acetylvinblastine-23-( N-Acetyl-Ser-Ser-Ser-Chg-Gln- 
Ser-Val-BDAM) amide acetate salt (SEQ.ID.NO.: 45) 
To 58 ml (equivalent to 0.875 mmol of peptide) of the 
solution from step B was added 530 mg (0.520 mmol) of BDAM- 
(dAc)vinblastine, prepared as described in Example 30, Step F, under 
N 2 , cooling to 0°C, and the pH was adjusted to ~8 (moistened 5-10 
range pH paper) with DIEA. Then 0.134 ml (0.62 mmol) of DPPA was 
added, followed by stirring at 0-5° C until completion of the coupling 
as monitored by analytical HPLC (A = 0.1% TFA/H2O; B = 0.1% 
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TFA/CH3CN), maintaining the pH at > 7 by periodic addition of 

DIE A. After 24 hr, the reaction was worked up by addition of 10 ml of 
H2O, stirring 1 hr and concentration to small volume in vacuo, then 
dissolution in ca. 100 ml of 10% HOAc/5% CH3CN, adjustment of the 
pH to 5 with NH4HCO3, filtration to remove insolubles, and 

preparative HPLC in 3 portions on a Waters C4 Delta-Pak column 
15uM 300A (A = 0.1% NH4HCO3/H2O; B = CH3CN), gradient elution 

95 --> 40% A / 70 min. Fractions from each run containing product 
were pooled, acidified to pH 3 with glacial HOAc, concentrated in 
vacuo to a volume of -50 ml, and purified by preparative HPLC on a 
Waters C18 Delta-Pak column lo^iM 300A (A = 0.1% TFA/H2O; B = 
0.1% TFA/CH3CN), gradient elution 95 --> 70% A / 60 min, isocratic 
70% / 20 min. Homogeneous fractions (evaluated by HPLC, system A, 
95 -> 50% A) from all three runs were pooled and concentrated to a 
volume of -100 ml., diluted with 5% CH3CN, and passed through 

AG4X4 ion exchange resin (acetate cycle), followed by freeze-drying to 
give the title compound as a lyophilized powder. 

HPLC conditions, system A: 

Column... Vydac 15 cm #218TP5415, C18 
Eluant... Gradient (A --> B) over 45 min. 

A = 0.1% TFA/H20, B = 0.1% TFA/acetonitrile 
Flow... 1.5 ml/min. 

Retention times: BDAM (dAc) vinblastine 23.5 min. 
N-Acetyl-Ser-Ser-Ser-Chg-Gm-Ser-Val-OH 14.5 min. 
4-Des- acetylvinblastine-23-( N-Acetyl-Ser-Ser-Ser-Chg- 
Gln-Ser-Val-BDAM) amide 29.5 min. 

High Resolution ES/FT-MS: 1662.03 

Amino Acid Compositional Analysis 1 (theory/found): 

2Ser4/3.6 3 Glu 1/2.10 *Val 1/0.7 Chg 1/0.95 
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Peptide content 0.504 (imol/mg 

Note: 120 hr, 100°C, 6N HC1 
Uncorrected 
3 Gln converted to Glu 
incomplete hydrolysis 

EXAMPLE 32 

Preparation of 4-des- Acetyl vinblastine-23-(N-methoxy-die thy lene- 
oxyacetyl-4-trans-L-Hyp-Ser-Ser-Chg-Gln-Ser-Val-BDAM) amide 
acetate BaKfflEQ.ID.NQ.: 46) : 



OH 




4-HypSerSerChgGln-SerVal — NH 
(SEQ.ID.NO.:46), 
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Step A : N-methoxydiethyleneoxyacetyl-4-trans-L-Hyp-Ser-Ser-Chg- 

Qln-Ser-Val-PA M Resin (SEQ.ID.NO.: 46) 

Starting with 0.5 mmole (0.68 g) of Boc-Val-PAM resin, 
the protected peptide was synthesized on a ABI model 430A peptide 
5 synthesizer. The protocol used a 4-fold excess (2.0 nimol) of each of 
the following protected amino acids: Boc-Ser(Bzl)-OH, Boc-Gln-OH, 
Boc-Chg-OH, Boc-4-trans-Hyp(Bzl)-OH; and 2-[2-(2-methoxyethoxy)- 
ethoxy] acetic acid (2 couphngs). During each coupling cycle Boc 
protection was removed using TFA, followed by neutralization with 
10 DIEA. Coupling was achieved using DCC and HOBt activation in N- 
methyl-2-pyrrolidinone. At the completion of the synthesis, the 
peptide resin was dried to yield the title compound. 



StepB : N-methoxydiethyleneoxyacetyl-4-trans-L-Hyp-Ser-Ser-Chg- 
15 Gln-Ser-Val-OH (SEQ.ID.NO.: 46) 

25 Two 0.5-mmol runs of the above peptide-resin (2.4 g) 

were combined and treated with liquid HF (40 ml) for 1.5 hr at 0°C in 
the presence of anisole (4 ml). After evaporation of the HF, the 
residue was washed with ether, filtered and leached with 150 ml of 

30 20 H2O in several portions, followed by preparative HPLC on a Waters 

C18 Delta-Pak column 15|iM 100A (A = 0.1% TFA/H2O; B = 0.1% 
TFA/CH3CN), gradient elution 95 --> 70% A / 70 min, and pooling of 
homogeneous fractions and freeze drying to give the title compound 

35 as lyophilized powder. The sample purity was determined as 99% by 

25 HPLC. 



Step C : 4-des- Acetylvinblastine-23-(N-methoxydiethylene-oxyacetyl- 
40 4-trans-L-Hyp-Ser-Ser-Chg-Gln-Ser-Val-SDAMLamid£ 

acetate salt ( SEQ,ID,NQ .; 4 6) 

30 Samples of 440 mg (0.47 mmol) of the peptide from step B 

and 340 mg (0.33 mmol) of BDAM-(dAcMnblastine, prepared as 
45 described in Example 30, Step F, were dissolved in 25 ml of DMF 

under N2, cooling to 0°C. Then 85 mg (0.63 mmol) of l-hydroxy-7- 
azabenzotriazole (HOAt) was added, and the pH was adjusted to 6.5-7 
35 (moistened 5-10 range pH paper) with 2,4,6-collidine, followed by 

50 
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addition of 117 mg (0.61 mmol) of l-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (EDC). Stirring was continued at 0- 
5°C until completion of the coupling as monitored by analytical HPLC 
(A = 0.1% TFA/H2O; B = 0.1% TFA/CH3CN), maintaining the pH at 

6.5-7 by periodic addition of 2,4,6-collidine. After 3 hr the reaction 
was worked up by addition of -10 ml of H2O, stirring 1 hr and 

concentration to small volume in vacuo, then dissolution in ca. 70 ml 
of 5% HOAc. and preparative HPLC on a Waters C18 Delta-Pak 
column 15uM 300A (A = 0.1% TFA/H2O; B = 0.1% TFA/CH3CN), 

gradient elution 95 -> 40% A / 70 min). Homogeneous fractions 
(evaluated by HPLC, system A, 95 --> 50% A) from all three runs were 
pooled and concentrated to a volume of -50 ml and passed through 
AG4X4 ion exchange resin (acetate cycle), followed by freeze-drying to 
give the title compound as a lyophilized powder. 

HPLC conditions, system A: 

Column... Vydac 15 cm #218TP5415, C18 
Eluant... Gradient (A -> B) over 45 min. 

A = 0.1% TFA/H2O, B = 0.1% TFA/acetonitrile 
Flow... 1.5 ml/min. 

Retention times: BDAM (dAc) vinblastine 23.5 min. 
N-methoxydiethyleneoxyacetyl-4-trans-L-Hyp-Ser-Scr-Chg- 

Gln-Ser-Val-OH 16.2 min. 
4-des- Acetyl vinblastine-23-(N-methoxydiethyleneoxyacetyl-4-trans-L- 
Hyp-Ser-Ser-Chg-Gln-Ser-Val-BDAM) amide 29.6 min. 

High Resolution ES/FT-MS: 1805.95 

Amino Acid Compositional Analysis 1 (theory/found): 

2 Ser3/1.7 3 Glu 1/1.01 4 Val 170.93 Chg 1/0.98 Hyp 171.01 
Peptide content = 0.497 fimol/mg 

Note: 120 hr, 100°^ 6N HC1 
Uncorrected 
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3 Gln converted to Glu 
incomplete hydrolysis 

EXAMPLE 33 

Preparation of 4-des- Acefrrivinblastme-23-(N-Acetvl-4-trans-L-Hyp- 
Ser-Ser-Chg-Gln-Ser-HCAP) amide acetate salt (2-7) (SEQ.IDNO.: 
S2] 

Step A : N-Acetyl-4-trans-I^Hyp-Ser-Ser-Chg-Gln-OH (2-1) 

(SEQ.ID.NO. 63) 

Starting with 0.5 mmole (0.80 g) of Fmoc-Gln(Trt)-Wang resin, the 
protected peptide was synthesized on a ABI model 430A peptide synthesizer. 
The protocol used a 4-fold excess (2.0 mmol) of each of the following 
protected amino acids: Fmoc-Ser(tBu)-OH, Fmoc-Chg-OH, Fmoc-4-trans- 
Hyp(tBu)-OH and acetic acid (2 couplings). During each coupling cycle 
Fmoc protection was removed using 20% piperidine in DMF. Coupling was 
achieved using DCC and HOBt activation in N-methyl-2-pyrrolidinone. At 
the completion of the synthesis, the peptide resin was dried. 1.3 g peptide- 
resin was treated with 95%TFA :2.5% H20 :2.5% Triisopropylsilane (20 ml) 
for 2 hr at r.t. under argon. After evaporation of the TFA, the residue was 
washed with ether, filtered and dried to give crude peptide which was 
purified by preparatory HPLC on a Delta-Pak C18 column with 0.1% 
trifluoroacetic acid -aqueous acetonitrile solvent systems using 100-70%A, 
60min linear gradient. Fractions containing product of at least 99% 
(HPLC) purity were combined to give the title compound. 
FABMS: 615.3 

Peptide Content: 1.03nmole/mg. 

HPLC: 99% pure @214 nm, retention time= 10.16 min, (Vydac Cl8, 
gradient of 95%A/B to 50%A/B over 30 min, A=0.1%TFA-H2O, 
B=0.1%TFA-CH3CN) 

In a similar manner the following compound was prepared: 
N-hydroxyacetyl-Abu-Ser-Ser-Chg-Gln-Ser-OH (3-1) (SEQ.ID.NO. 64) 
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StepB: N-Boc-( lS.2R )-(+)-Noreph e drine (2-2) 

A solution of 1.51 g (10 mmol) of (lS,2R)-(+)-Norephedrine in 
a mixture of 1,4 dioxane (20 ml), water (10 ml) and IN NaOH (10 ml) was 
stirred and cooled in an ice-water bath. Di-(t-butyl) dicarbonate (2.4 g, 11 
mmol) was added in portions over approx. 20 min. The reaction was 
stirred in the cold for 2 hrs., then at room temp, for an additional lh. 
The solution was concentrated to remove most of the dioxane, cooled in 
an ice bath and covered with a layer of ethyl acetate (30 ml) and acidified 
to pH 2 with IN KHSO4. The aqueous phase was extracted 2x with 
EtOAc. The combined extracts were washed with water, brine and were 
concentrated and dried to provide the desired product as a white 
crystalline solid (2-2). FABMS: 252 

Step C : N-Boc-HCAP (2-3) 

A solution of 2.38 g of N-Boc-(lS,2R)-(+)-Norephedrine (2-2) 
in 50 ml acetic acid/10 ml H2O was hydrogenated at 60 psi on a Parr 

apparatus over 500 mg of Ir black catalyst for 24 hrs. The reaction was 
filtered through a Celite pad, and the filtrate concentrated in vacuo to 
give a tan foam (2-3). FABMS: 258.2 

StepP: N-Benzvloxvcarbonvl-Ser-N-t-Boc-HCAP ester (2-4) 

A solution of 1.95 g (6.6 mmol) of N-Z-Ser(tBu)-OH, 1.54g (6.0 
mmol) of N-Boc-HCAP (2-3), 1.26 g (6.6 mmol) of EDC, and 146 mg (1.2 
mmol) of DMAP in 30 ml of anh. CH2C12 was treated and the resulting 
solution stirred at room temp, in an N2 atmosphere for 12h. The solvent 
was removed in vacuo, the residue dissolved in ethyl acetate (150 ml) and 
the solution extracted with 0.5 N NaHC03 (50 ml), water (50 ml) and 
brine, then dried and concentrated to provide the crude coupling product 
(2-4). 

In a similar manner the following compound was prepared: 

N-Benzyloxycarbonyl-Pro-N-t-Boc-HCAP ester (3-2) 

by coupling of N-Z-Pro-OH with N-Boc-HCAP alcohol (2-3) 
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StepE : H-Ser(tBu)-N-t-Boc-HCAP ester (2-5) 

A 2.0 g of (2-4) in a solution of 90 ml EtOH, 20ml water, and 
10 ml acetic acid was hydrogenated on a Parr apparatus at 50 psi over 
200 mg of Pd(OH)2 catalyst for 3h. The reaction was filtered through a 
5 Celite pad, and the filtrate wasconcentrated to small volume in vacuo, 
then purified by preparatory HPLC on a Delta-Pak C18 column with 0.1% 
trifluoroacetic acid-aqueous acetonitrile solvent systems using 95-50%A, 
60min linear gradient. Fractions containing product of at least 99% 
(HPLC) purity were combined to give the intermediate (2-5). FABMS: 
10 401.3 

In a similar manner the following compound was prepared: 

H-Pro-N-t-Boc-HCAP ester (3-3) 
by hydrogenation of N-Benzyloxycarbonyl-Pro-N-t-Boc-HCAP 
15 ester (3-2) 

StepF : N-Acetyl-4-trans-L-Hyp-Ser-Ser-Chg-Gln-Ser-HCAP amine 

(2-9) (SEQ.n).NO. 62) 

A solution of 614 mg (1.0 mmol) of N-Acetyl-4-trans-L 

20 Hyp-Ser-Ser-Chg-Gln-OH (2-1), 400 mg (1.0 mmol) of H-Ser(tBu)-N- 

t-Boc-HCAP ester (2-5), 229 mg (1.2 mmol) of EDC, and 81 mg (0.5 mmol) 
of ODBHT (3,4-dihydro-3-hydroxy-4-oxo-l,2,3-benzotriazine), in 7 ml of 
DMF was stirred at 0°C. in an N2 atmosphere for 10 h. The solvent was 
removed in vacuo, the residue was washed with ether and dried. The 

25 crude product was treated with 95%TFA :5% H20 (20 ml) for 2 hr at r.t. 
under argon. After evaporation of the TFA, the residue was purified by 
preparatory HPLC on a Delta-Pak C18 column with 0.1% trifluoroacetic 
acid -aqueous acetonitrile solvent systems using 95-50%A, 60min linear 
gradient. Fractions containing product of at least 99% (HPLC) purity 

30 were combined to give the intermediate compound (2-6). 
FABMS: 841.8 

Peptide Content: 863.39 NMole/mg. 

HPLC: 99% pure @214 nm, retention time= 13.7 min, (Vydac Ci8, 
gradient of 95%A/B to 5%A/B over 30 min, A=0.1%TFA-H2O, 
35 B=0.1%TFA-CH3CN) 
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In a similar manner the following compound was prepared: 
N-Hydroxyacetyl-Abu-Ser-Ser-Chg-Gln-Ser- 
Pro-HCAP amine (3-4) (SEQ.ID.NO.65) 
by coupling of N-Hydroxyacetyl-Abu-Ser-Ser-Chg-Gln-Ser-OH (3-1) with 
H-Pro-N-t-Boc-HCAP ester (3-3) followed by deprotection. 

Step G : 4-des- Acetylvinblastine- 23 -(N-Ac-4- trans -L-Hyp-Ser-Ser- 

Chg-Gln-Ser-HCAP) amide acetate salt (2-7) 

A solution of 0.461 of 4-des- acetylvinblastine-23- 
hydrazide (0.6 mmol) in 10 ml DMF cooled to -15°C under Argon, was 
converted to the azide in situ by acidification with 4M HC1 in dioxane 
to pH < 1.5 (moistened 0-2.5 range paper), followed by addition of 0.105 
ml (1.3 equiv) of isoamyl nitrite and stirring for 1 hr at 10-15°C. The 
pH was brought to 7 by the addition of DIEA, and 555 mg (0.66 mmol) 
of amine derivative (2-6) from step F was then added, and the reaction 
was stirred at 0°C for 24 hrs, and purified by preparatory HPLC on a 
15uM,100A, Delta-Pak C18 column with 0.1% trifluoroacetic acid - 
aqueous acetonitrile solvent systems using 95-50%A, 60min linear 
gradient. Homogeneous fractions were pooled and concentrated in 
vacuo, followed by freeze-drying to give the title compound as the TFA 
salt which was converted to the corresponding HOAc salt by AG 4x4 
resin (100-200 mesh, free base form, BIO-RAD) (2-7). 
ES + : 1576.7 

Peptide Content: 461.81 NMole/mg. 
Ser 3.04; Hyp 1.07; Chg 1.02; Glu 1.00 

HPLC: 99% pure @214 nm, retention time= 18.31 min, (Vydac Cl8, 
gradient of 95%A/B to 5%A/B over 30 min, A=0.1%TFA-H2O, 
B=0.1%TFA-CH3CN) 

In a similar manner the following compound was prepared: 
4-<fes-Acetylvinblastine-23-(N-hydroxyacetyl -Abu- 
Ser-Ser-Chg-Gln-Ser-Pro-HCAP) amide (3-5) (SEQ.ID.NO.: 64) 
by coupling 4-des-Acetylvinblastine-23-hydrazide (1-1) with OH-Acetyl- 
Abu-Ser-Ser-Chg-Gln-Ser-Pro-HCAP amine (3-4) 
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4rdes- Acetylvinblastine-23-(N-hvdroxvl-Ac-A bu-Ser-Ser-Chgr-Gln-Ser- 
HCAP) amide acetate salt (3-5) 

ES + : 1661.9 

Peptide Content: 499.87 NMole/mg. 

Ser 2.98; Abu 1.01; Chg 1.02; Glu 1.00; Pro 0.98 

HPLC: 99% pure @214 nm, retention time= 18.83 min, (Vydac Ci8, 

gradient of 95%A/B to 5%A/B over 30 min, A=0.1%TFA-H2O, 

B=0.1%TFA-CH3CN) 

EXAMPLE 34 

Preparation of 4-des- Acetylvinblastine-23-(N-Acetyl-Ser-Chg-Gln- 
Ser-Ser-Pro-HCAP) amide acetate salt (2A-7) (SEQ.ID.NO.: 66) 

Ste p A : N-Acetvl-Ser-Chg-Oln-Ser-Ser- OH (2A-1) (SEQ.ID.NO.: 67) 

Starting with 0.5 mmole (0.80 g) of Fmoc-Ser(tBu)-Wang resin, 
the protected peptide was synthesized on a ABI model 430A peptide 
synthesizer. The protocol used a 4-fold excess (2.0 mmol) of each of the 
following protected amino acids: Fmoc-Ser(tBu)-OH, Fmoc-Gln-OH, Fmoc- 
Chg-OH, Fmoc-Ser(tBu)-OH and acetic acid (2 couplings). During each 
coupling cycle Fmoc protection was removed using 20% piperidine in DMF. 
Coupling was achieved using DCC and HOBt activation in N-methyl-2- 
pyrrolidinone. At the completion of the synthesis, the peptide resin was 
dried. 1.3 g peptide-resin was treated with 95%TFA :2.5% H20 :2.5% 
Triisopropylsilane (20 ml) for 2 hr at r.t. under argon. After evaporation of 
the TFA, the residue was washed with ether, filtered and dried to give 
crude peptide which was purified by preparatory HPLC on a Delta-Pak C18 
column with 0.1% trifluoroacetic acid -aqueous acetonitrile solvent systems 
using 100-70%A, 60min linear gradient. Fractions containing product of at 
least 99% (HPLC) purity were combined to give the title compound. 
FABMS: 589.5 

Peptide Content: 1.01 NMole/mg. 
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HPLC: 99% pure @214 nm, retention time= 10.7 min, (Vydac Cl8, 
gradient of 95%A/B to 50%A/B over 30 min, A=0.1%TFA-H2O, 
B=0.1%TFA-CH3CN) 

StepB : N-Boc-QS.2RU+)-Norephedrine (2A-2) 

A solution of 1.51 g (10 mmol) of (lS,2R)-(+)-Norephedrine in 
a mixture of 1,4 dioxane (20 ml), water (10 ml) and IN NaOH (10 ml) is 
stirred and cooled in an ice-water bath. Di-(t-butyl) dicarbonate (2.4 g, 11 
mmol) was added in portions over approx. 20 min. The reaction was 
stirred in the cold for 2hrs., then at room temp, for an additional lh. 
The solution was concentrated to remove most of the dioxane, cooled in 
an ice bath and covered with a layer of ethyl acetate (30 ml) and acidified 
to pH 2 with IN KHSO4. The aqueous phase was extracted 2x with 
EtOAc. The combined extracts were washed with water, brine and were 
concentrated and dried to provide the desired product as a white 
crystalline solid. FABMS: 252 

StepC : N-Boc-HCAP (2A-3) 

A solution of 2.38 g of N-Boc-(lS,2R)-(+)-Norephedrine (2A-2) 
in 50 ml acetic acid/10 ml H2O was hydrogenated at 60 psi on a Pan- 
apparatus over 500 mg of Ir black catalyst for 24 hrs. The reaction was 
filtered through a Celite pad, and the filtrate concentrated in vacuo to 
give a tan foam. FABMS: 258.2 

Ste&E: N-BenzvIoxvcarbonvl-Pro-N-t-Boc-HCAP ester (2A-4) 

A solution of 1.62 g (6.6 mmol) of N~Z-Pro-OH, 1.54g (6.0 
mmol) of N-Boc-HCAP (2A-3), 1.26 g (6.6 mmol) of EDC, and 146 mg (1.2 
mmol) of DMAP in 30 ml of anh. CH 2 C1 2 was treated and the resulting 
solution stirred at room temp, in an N2 atmosphere for 12h. The solvent 
was removed in vacuo, the residue dissolved in ethyl acetate (150 ml) and 
the solution extracted with 0.5 N NaHC03 (50 ml), water (50 ml) and 
brine, then dried and concentrated to provide the crude coupling 
product. 
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StepE : H-P rp-N-t-Poc- HCAP ester (2A-5) 

A 2.0 g of (2A-4) in a solution of 90 ml EtOH, 20ml water, 
and 10 ml acetic acid was hydrogenated on a Parr apparatus at 50 psi 
over 200 mg of Pd(OH)2 catalyst for 3h. The reaction was filtered 
through a Celite pad, and the filtrate was concentrated to small volume 
in vacuo, then purified by preparatory HPLC on a Delta-Pak C18 column 
with 0.1% trifluoroacetic acid -aqueous acetonitrile solvent systems 
using 95-50%A, 60min linear gradient. Fractions containing product of 
at least 99% (HPLC) purity were combined to give the title compound (2A- 
5). FABMS: 356.3 

StepF : N- Acetyl -Ser-Chg-Gln-Ser-Ser-Pro-HCA P amine (2A-6) 
(SEQ.ID.NQ.; 6(5) 

A solution of 589 mg (1.0 mmol) of N-Acetyl-Ser-Chg-Gln- 
Ser-Ser-OH (2-1), 356 mg (1.0 mmol) of H-Pro-N-t-Boc-HCAP ester (2A-5), 
229 mg (1.2 mmol) of EDC, and 81 mg (0.5 mmol) of ODBHT (3,4-dihydro- 
3-hydroxy-4-oxo-l,2,3-benzotriazine), in 7 ml of DMF was stirred at 0°C. 
in an N2 atmosphere for 10 h. The solvent was removed in vacuo, the 
residue was washed with ether and dried. The crude product was 
treated with 95%TFA :5% H20 (20 ml) for 2 hr at r.t. under argon. After 
evaporation of the TFA, the residue was purified by preparatory HPLC 
on a Delta-Pak C18 column with 0.1% trifluoroacetic acid -aqueous 
acetonitrile solvent systems using 95-50 %A, 60min linear gradient. 
Fractions containing product of at least 99% (HPLC) purity were 
combined to give the title compound (2-6). 
FABMS: 825.5 

Peptide Content: 893.6 NMole/mg. 

HPLC: 99% pure @214 nm, retention time= 15.2 min, (Vydac Cl8, 
gradient of 95%A/B to 5%A/B over 30 min, A=0.1%TFA-H2O, 
B=0.1%TFA-CH3CN) 

Step G : Acetylvinblastine-23-(N-Ac -Ser-Chg-Gln-Ser-Ser-Pro- 

HCAP) amide acetate salt (2A-7) (SEQ.ID.NQ.: 66) 
A solution of 0.461 of 4-des- acetylvinblastine-23- 

hydrazide (0.6 mmol) in 10 ml DMF cooled to -15°C under Argon, was 
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converted to the azide in situ by acidification with 4M HC1 in dioxane 
to pH < 1.5 (moistened 0-2.5 range paper), followed by addition of 0.105 
ml (1.3 equiv) of isoamyl nitrite and stirring for 1 hr at 10-15°C. The 
pH was brought to 7 by the addition of DIEA, and 545 mg (0.66 mmol) 
5 of amine derivative (2A-6) from step F was then added, and the 
reaction was stirred at 0°C for 24 hrs, and purified by preparatory 
HPLC on a 15uM,100A, Delta-Pak C18 column with 0.1% 
trifluoroacetic acid-aqueous acetonitrile solvent systems using 95- 
50%A, 60min linear gradient. Homogeneous fractions were pooled 
10 and concentrated in vacuo, followed by freeze-drying to give the title 
compound as the TFA salt which was converted to title compound by 
20 AG 4x4 resin (100-200 mesh, free base form, BIO-RAD) (2A-7) 

ES + : 1560.9 

Peptide Content: 586.8 NMole/mg. 
15 Ser 3.04; Chg 1.01; Glu 1.00; Pro 0.97 
25 HPLC: 99% pure @214 nm, retention time= 13.4 min, (Vydac Cl8, 

gradient of 95%A/B to 5%A/B over 30 min, A=0.1%TFA-H2O, 
B=0.1%TFA-CH3CN) 

30 20 BIOLOGICAL ASSAYS. 

The ability of the compounds useful in the methods of the 
present invention of the present invention to inhibit prenyl protein 
transferases can be demonstrated using the following assays. 

35 

25 EXAMPLE 35 

In vitro inhibition of ras farnesvl transferase 

40 Transferase Assays. Isoprenyl-protein transferase activity 

assays are carried out at 30°C unless noted otherwise. A typical reaction 
30 contains (in a final volume of 50 ah); [^Hlfarnesyl diphosphate, Ras 
protein , 50 mM HEPES, pH 7.5, 5 mM MgCl2, 5 mM dithiothreitol, 
10 uM ZnCl2, 0.1% polyethyleneglycol (PEG) (15,000-20,000 mw) and 
isoprenyl-protein transferase. The FPTase employed in the assay is 
prepared by recombinant expression as described in Omer, C.A., Krai, 
35 A.M., Diehl, R.E., Prendergast, G.C., Powers, S., Allen, CM., Gibbs, 
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J.B. and Kohl, N.E. (1993) Biochemistry 32:5167-5176. After thermally 
pre-equilibrating the assay mixture in the absence of enzyme, reactions 
are initiated by the addition of isoprenyl-protein transferase and stopped 
at timed intervals (typically 15 min) by the addition of 1 M HC1 in ethanol 
5 (1 mL). The quenched reactions are allowed to stand for 15 m (to 

complete the precipitation process). After adding 2 mL of 100% ethanol, 
the reactions are vacuum-filtered through Whatman GF/C filters. 
Filters are washed four times with 2 mL aliquots of 100% ethanol, mixed 
with scintillation fluid (10 mL) and then counted in a Beckman LS3801 

10 scintillation counter. 

For inhibition studies, assays are run as described above, 
except test compounds or compositions are prepared as concentrated 
solutions in 100% dimethyl sulfoxide and then diluted 20-fold into the 
enzyme assay mixture. Substrate concentrations for inhibitor IC50 

15 determinations are as follows: FTase, 650 nM Ras-CVLS (SEQ.ID.NO.: 
1), 100 nM farnesyl diphosphate. 

The compounds of the instant invention described in the 
above Examples 1-24E are tested for inhibitory activity against human 
FPTase by the assay described above. 



20 



EXAMPLE 36 

Modified In vitro GGTase inhibition assay 



35 The modified geranylgeranyl-protein transferase inhibition 

25 assay is carried out at room temperature. A typical reaction contains (in 
a final volume of 50 /aL): [ 3 H]geranylgeranyl diphosphate, biotinylated 
Ras peptide, 50 mM HEPES, pH 7.5, a modulating anion (for example 10 

40 mM glycerophosphate or 5mM ATP), 5 mM MgCl2, 10 /iM ZnCl2, 0.1% 

PEG (15,000-20,000 mw), 2 mM dithiothreitol, and geranylgeranylprotein 
30 transferase type I( GGTase). The GGTase-type I enzyme employed in the 

assay is prepared as described in U.S. Pat. No. 5,470,832, incorporated by 
45 reference. The Ras peptide is derived from the K4B-Ras protein and has 

the following sequence: biotinyl-GKKKKKKSKTKCVIM (single amino 

acid code) (SEQ.ID.NO.: 68). Reactions are initiated by the addition of 
35 GGTase and stopped at timed intervals (typically 15 min) by the addition 
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of 200 \iL of a 3 mg/mL suspension of streptavidin SPA beads (Scintilla- 
tion Proximity Assay beads, Amersham) in 0.2 M sodium phosphate, pH 
4, containing 50 mM EDTA, and 0.5% BSA. The quenched reactions are 
allowed to stand for 2 hours before analysis on a Packard TopCount 
5 scintillation counter. 

For inhibition studies, assays are run as described above, 
except test compounds or compositions are prepared as concentrated 
solutions in 100% dimethyl sulfoxide and then diluted 25 -fold into the 
enzyme assay mixture. IC50 values are determined with Ras peptide 

10 near Kyi concentrations. Enzyme and substrate concentrations for 
inhibitor IC50 determinations are as follows: 75 pM GGTase-I, 1.6 /xM 
Ras peptide, 100 nM geranylgeranyl diphosphate. 

The compounds of the Instant invention described in the 
above Examples 1-24E are tested for inhibitory activity against human 

15 GGTase type I by the assay described above. 



30 20 



50 



exa mple; 3 7 

Cell-basedm vitro ras farnesvlation assay 



The cell line used in this assay is a v-ras line derived from 
either Rati or NIH3T3 cells, which expressed viral Ha-ras p21. The 
assay is performed essentially as described in DeClue, J.E. et al., Cancer 
35 Research 51:712-717, (1991). Cells in 10 cm dishes at 50-75% confluency 

25 are treated with the test compound or composition (final concentration of 
solvent, methanol or dimethyl sulfoxide, is 0.1%). After 4 hours at 37°C, 
the cells are labeled in 3 ml methionine-free DMEM supple-mented with 
40 10% regular DMEM, 2% fetal bovine serum and 400 fid [3 5S] methionine 

(1000 Ci/mmol). After an additional 20 hours, the cells are lysed in 1 ml 
30 lysis buffer (1% NP40/20 mM HEPES, pH 7.5/5 mM MgCl2/lmM DTT/10 
mg/ml aprotinen/2 mg/ml leupeptin/2 mg/ml antipain/0.5 mM PMSF) 
45 and the lysates cleared by centrifugation at 100,000 x g for 45 min. 

Aliquots of lysates containing equal numbers of acid-precipitable counts 
are bought to 1 ml with IP buffer (lysis buffer lacking DTT) and 
35 immunoprecipitated with the ras-specific monoclonal antibody Y13-259 
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10 



15 



20 



(Furth, M.E. et al., J. Virol. 43:294-304, (1982)). Following a 2 hour 
antibody incubation at 4°C, 200 /xl of a 25% suspension of protein A- 
Sepharose coated with rabbit anti rat IgG is added for 45 min. The 
immunoprecipitates are washed four times with IP buffer (20 nM 
5 HEPES, pH 7.5/1 mM EDTA/1% Triton X-100.0.5% 

deoxycholate/0.1%/SDS/0.1 M NaCl) boiled in SDS-PAGE sample buffer 
and loaded on 13% acrylamide gels. When the dye front reached the 
bottom, the gel is fixed, soaked in Enlightening, dried and autoradio- 
graphed. The intensities of the bands corresponding to farnesylated and 
10 nonfarnesylated ras proteins are compared to determine the percent 
inhibition of farnesyl transfer to protein. 



EXAMPLE 38 
Cell-basedm vitro growth inhibition assay 

15 

25 To determine the biological consequences of FPTase 

inhibition, the effect of the instant compositions and the compounds 
useful in the instant invention on the anchorage-independent growth of 
Rati cells transformed with either a v-ras, v-raf, or v-mos oncogene is 

30 20 tested. Cells transformed by v-Raf and v-Mos maybe included in the 

analysis to evaluate the specificity of instant compounds for Ras-induced 
cell transformation. 

Rat 1 cells transformed with either v-ras, v-raf, or v-mos are 

35 seeded at a density of 1 x 10 4 cells per plate (35 mm in diameter) in a 

25 0.3% top agarose layer in medium A (Dulbecco's modified Eagle's 
medium supplemented with 10% fetal bovine serum) over a bottom 
agarose layer (0.6%). Both layers contain 0.1% methanol or an appro- 

40 priate concentration of the test compound or composition (dissolved in 

methanol at 1000 times the final concentration used in the assay). The 
30 cells are fed twice weekly with 0.5 ml of medium A containing 0.1% 
methanol or the concentration of the instant compound. Photo micro- 

45 graphs are taken 16 days after the cultures are seeded and comparisons 

are made. 



50 

- 428 - 



55 



WO 00/59930 



PCT/US00/08762 



EXAMPLE 39 
Construction of SEAP reporter plasmid pDSElOO 

The SEAP reporter plasmid, pDSElOO was constructed by 
ligating a restriction fragment containing the SEAP coding sequence 
into the plasmid pCMV-RE-AKI. The SEAP gene is derived from the 
plasmid pSEAP2-Basic (Clontech, Palo Alto, CA). The plasmid pCMV- 
RE-AKI contains 5 sequential copies of the 'dyad symmetry response 
element' cloned upstream of a 'CAT-TATA' sequence derived from the 
cytomegalovirus immediate early promoter. The plasmid also contains 
a bovine growth hormone poly-A sequence. 

The plasmid, pDSElOO was constructed as follows. A 
restriction fragment encoding the SEAP coding sequence was cut out of 
the plasmid pSEAP2-Basic using the restriction enzymes EcoRl and 
Hpal. The ends of the linear DNA fragments were filled in with the 
Klenow fragment of E. coli DNA Polymerase I. The 'blunt ended' DNA 
containing the SEAP gene was isolated by electrophoresing the digest in 
an agarose gel and cutting out the 1694 base pair fragment. The vector 
plasmid pCMV-RE-AKI was linearized with the restriction enzyme Bgl- 
II and the ends rilled in with Klenow DNA Polymerase I. The SEAP 
DNA fragment was blunt end ligated into the pCMV-RE-AKI vector and 
the ligation products were transformed into DH5-alpha E. coli cells 
(Gibco-BRL). Transformants were screened for the proper insert and 
then mapped for restriction fragment orientation. Properly oriented 
recombinant constructs were sequenced across the cloning junctions to 
verify the correct sequence. The resulting plasmid contains the SEAP 
coding sequence downstream of the DSE and CAT-TATA promoter 
elements and upstream of the BGH poly-A sequence. 

Alternative Construction of SEAP reporter pl asmid , p D SEUQl 

The SEAP repotrer plasmid, pDSElOl is also constructed by 
ligating a restriction fragment containing the SEAP coding sequence 
into the plasmid pCMV-RE-AKI. The SEAP gene is derived from 
plasmid pGEM7zft-)/SEAP. 
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The plasmid pDSElOl was constructed as follows: A 
restriction fragment containing part of the SEAP gene coding sequence 
was cut out of the plasmid pGEM7zfl(-)/SEAP using the restriction 
enzymes Apa I and KpnI. The ends of the linear DNA fragments were 
chewed back with the Klenow fragment of E. coli DNA Polymerase I. 
The "blunt ended" DNA containing the truncated SEAP gene was 
isolated by electrophoresing the digest in an agarose gel and cutting out 
the 1910 base pair fragment. This 1910 base pair fragment was ligated 
into the plasmid pCMV-RE-AKI which had been cut with Bgl-II and 
filled in with E. coli Klenow fragment DNA polymerase. Recombinant 
plasmids were screened for insert orientation and sequenced through 
the ligated junctions. The plasmid pCMV-RE-AKI is derived from 
plasmid pCMVIE-AKI-DHFR (Whang , Y., Silberklang, M., Morgan, 
A., Munshi, S., Lenny, A.B., Ellis, R.W., and Kieff, E. (1987) J. Virol., 
61, 1796-1807) by removing an EcoRI fragment containing the DHFR and 
Neomycin markers. Five copies of the fos promoter serum response 
element were inserted as described previously (Jones, R.E., Defeo-Jones, 
D., McAvoy, E.M., Vuocolo, G.A., Wegrzyn, R.J., Haskell, KM. and 
Oliff, A. (1991) Oncogene, 6, 745-751) to create plasmid pCMV-RE-AKI. 

The plasmid pGEM7zfl[-)/SEAP was constructed as follows. 
The SEAP gene was PCRed, in two segments from a human placenta 
cDNA library (Clontech) using the following oligos. 

Sense strand N-terrninal SEAP : 5' 
GAGAGGGAATTCGGGCCCTTCCTGCAT 
GCTGCTGCTGCTGCTGCTGCTGGGC 3' (SEQ.ID.NO.:69) 

Antisense strand N-terminal SEAP: 5' 
GAGAGAGCTCGAGGTTAACCCGGGT 
GCGCGGCGTCGGTGGT 3' (SEQ.ID.NO.:70) 

Sense strand C-terminal SEAP: 5' 
GAGAGAGTCTAGAGTTAACCCGTGGTCC 
CCGCGTTGCTTCCT 3' (SEQ.ID.NO.:71) 
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Antisense strand C-terminal SEAP: 5' 
GAAGAGGAAGCTTGGTACCGCCACTG 
GGCTGTAGGTGGTGGCT 3' (SEQ.ID.NO. :72) 

5 The N-terminal oligos (SEQ.ID.NO.: 4 and SEQ.ID.NO.: 5) 

were used to generate a 1560 bp N-terminal PCR product that contained 
EcoRI and Hpal restriction sites at the ends. The Antisense N-terminal 
oligo (SEQ.ID.NO.: 4) introduces an internal translation STOP codon 
within the SEAP gene along with the Hpal site. The C-terminal oligos 

10 (SEQ.ID.NO.: 5 and SEQ.ID.NO.: 6) were used to amplify a 412 bp C- 
terminal PCR product containing Hpal and Hindlll restriction sites. 
The sense strand C-terrninal oligo (SEQ.ID.NO.: 5) introduces the 
internal STOP codon as well as the Hpal site. Next, the N-terminal 
amplicon was digested with EcoRI and Hpal while the C-terminal 

15 amplicon was digested with Hpal and Hindlll. The two fragments 

comprising each end of the SEAP gene were isolated by electrophoresing 
the digest in an agarose gel and isolating the 1560 and 412 base pair 
fragments. These two fragments were then co-ligated into the vector 
pGEM7zfW (Promega) which had been restriction digested with EcoRI 

20 and Hindlll and isolated on an agarose gel. The resulting clone, 

pGEM7zf{-)/SEAP contains the coding sequence for the SEAP gene from 
amino acids. 



35 Construction of a constitutively expressing SEAP plasmid pCMV-SEAP 

25 An expression plasmid constitutively expressing the SEAP 

protein was created by placing the sequence encoding a truncated SEAP 
gene downstream of the cytomegalovirus (CMV) IE-1 promoter. The 
40 expression plasmid also includes the CMV intron A region 5* to the 

SEAP gene as well as the 3' untranslated region of the bovine growth 
30 hormone gene 3' to the SEAP gene. 

The plasmid pCMVIE-AKI-DHFR (Whang et al, 1987) 
45 containing the CMV immediate early promoter was cut with EcoRI 

generating two fragments. The vector fragment was isolated by agarose 
electrophoresis and religated. The resulting plasmid is named pCMV- 
35 AKI. Next, the cytomegalovirus intron A nucleotide sequence was 
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inserted downstream of the CMV IE1 promter in pCMV-AKJ. The 
intron A sequence was isolated from a genomic clone bank and sub- 
cloned into pBR322 to generate plasmid pl6T-286. The intron A sequence 
was mutated at nucleotide 1856 (nucleotide numbering as in Chapman, 
5 B.S., Thayer, R.M., Vincent, K.A. and Haigwood, N.L., Nuc.Acids Res. 
19, 3979-3986) to remove a Sad restriction site using site directed 
mutagenesis. The mutated intron A sequence was PCRed from the 
plasmid pl6T-287 using the following oligos. 



20 



10 Sense strand: 5' GGCAGAGCTCGTTTAGTGAACCGTCAG 3' 
(SEQ.ID.NO.: 73) 



Antisense strand: 5' GAGAGATCTCAAGGACGGTGACTGCAG 3' 
(SEQ.ID.NO.: 74) 

15 

25 These two oligos generate a 991 base pair fragment with a 

SacI site incorporated by the sense oligo and a Bgl-II fragment 
incorporated by the antisense oligo. The PCR fragment is trimmed with 
SacI and Bgl-II and isolated on an agarose gel. The vector pCMV-AKI 

30 20 is cut with SacI and Bgl-II and the larger vector fragment isolated by 

agarose gel electrophoresis. The two gel isolated fragments are ligated 
at their respective SacI and Bgl-II sites to create plasmid pCMV-AKI- 
InA. 

35 The DNA sequence encoding the truncated SEAP gene is 

25 inserted into the pCMV-AKI-InA plasmid at the BgUI site of the vector. 
The SEAP gene is cut out of plasmid pGEM7zf(-)/SEAP (described above) 
using EcoRI and Hindlll. The fragment is filled in with Klenow DNA 
40 polymerase and the 1970 base pair fragment isolated from the vector 

fragment by agarose gel electrophoresis. The pCMV-AKI-InA vector is 
30 prepared by digesting with Bgl-II and filling in the ends with Klenow 

DNA polymerase. The final construct is generated by blunt end ligating 
45 the SEAP fragment into the pCMV-AKI-InA vector. Transformants 

were screened for the proper insert and then mapped for restriction 
fragment orientation. Properly oriented recombinant constructs were 
35 sequenced across the cloning junctions to verify the correct sequence. 
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The resulting plasmid, named pCMV-SEAP, contains a modified SEAP 
sequence downstream of the cytomegalovirus immediately early 
promoter IE-1 and intron A sequence and upstream of the bovine growth 
hormone poly- A sequence. The plasmid expresses SEAP in a 
constitutive manner when transfected into mammalian cells. 

Cloning of a Mvristvlated viral-H-ras expression plasmid 

A DNA fragment containing viral-H-ras can be PCRed from 
plasmid "H-l" (Ellis R. et al. J. Virol. 36, 408, 1980) or "HB-ll (deposited 
in the ATCC under Budapest Treaty on August 27, 1997, and designated 
ATCC 209,218) using the following oligos. 

Sense strand: 

5'TCTCCTCGAGGCCACCATGGGGAGTAGCAAGAGCAAGCCTAA 
GGACCCCAGCCAGCGCCGGATGACAGAATACAAGCTTGTGGTG 
G 3'. (SEQ.ID.NO.: 75) 

Antisense: 

5'CACATCTAGATCAGGACAGCACAGACTTGCAGC 3\ 
(SEQ.ID.NO.: 76) 

A sequence encoding the first 15 aminoacids of the v-src 
gene, containing a myristylation site, is incorporated into the sense 
strand oligo. The sense strand oligo also optimizes the 'Kozak* 
translation initiation sequence immediately 5* to the ATG start site. To 
prevent prenylation at the viral-ras C-terminus, cysteine 186 would be 
mutated to a serine by substituting a G residue for a C residue in the C- 
terminal antisense oligo. The PCR primer oligos introduce an Xhol site 
at the 5* end and a Xbal site at the 3'end. The Xhol-Xbal fragment can 
be ligated into the mammalian expression plasmid pCI (Promega) cut 
with Xhol and Xbal. This results in a plasmid in which the 
recombinant myr-viral-H-ras gene is constitutively transcribed from the 
CMV promoter of the pCI vector. 
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Cloning of a vira l-H-ras-CVLL expression plasmid 

A viral-H-ras clone with a C-terminal sequence encoding 
the amino acids CVLL can be cloned from the plasmid "H-l" CEllis R. et 
al. J. Virol. 36, 408, 1980) or "HB-11 (deposited in the ATCC under 
5 Budapest Treaty on August 27, 1997, and designated ATCC 209,218) by 
PCR using the following oligos. 

Sense strand: 

5TCTCCTCGAGGCCACCATGACAGAATACAAGCTTGTGGTGG-3' 
10 (SEQ.ID.NO.: 77) 

Antisense strand: 

S'CACTCTAGACTGGTGTCAGAGCAGCACACACTTGCAGC-S' 
(SEQ.ID.NO.: 78) 

15 

The sense strand oligo optimizes the 'Kozak* sequence and 
adds an Xhol site. The antisense strand mutates serine 189 to leucine 
and adds an Xbal site. The PCR fragment can be trimmed with Xhol 
and Xbal and ligated into the Xhol-Xbal cut vector pCI (Promega). This 
20 results in a plasmid in which the mutated viral-H-ras-CVLL gene is 
constitutively transcribed from the CMV promoter of the pCI vector. 



Cloning of c-H-ras-Leu61 expression plasmid 
35 The human c-H-ras gene can be PCRed from a human 

25 cerebral cortex cDNA library (Clontech) using the following 
oligonucleotide primers. 

40 Sense strand: 

5 , -GAGAGAATTCGCCACCATGACGGAATATAAGCTGGTGG-3 > 
30 (SEQ.ID.NO.: 79) 



45 Antisense strand: 

5'-GAGAGTCGACGCGTCAGGAGAGCACACACTTGC-3' 
(SEQ.ID.NO.: 80) 
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The primers will amplify a c-H-ras encoding DNA 
fragment with the primers contributing an optimized 'Kozak' 
translation start sequence, an EcoRI site at the N-terminus and a Sal I 
stite at the C- terminal end. After trimming the ends of the PCR product 
with EcoRI and Sal I, the c-H-ras fragment can be ligated ligated into an 
EcoRI -Sal I cut mutagenesis vector pAlter-1 (Pro mega). Mutation of 
glutamine-61 to a leucine can be accomplished using the 
manufacturer's protocols and the following oligonucleotide: 

5'-CCGCCGGCCTGGAGGAGTACAG-3' (SEQ.ID.NO.: 81) 

After selection and sequencing for the correct nucleotide 
substitution, the mutated c-H-ras-Leu61 can be excised from the pAlter-1 
vector, using EcoRI and Sal I, and be directly ligated into the vector pCI 
(Promega) which has been digested with EcoRI and Sal I. The new 
recombinant plasmid will constitutively transcribe c-H-ras-Leu61 from 
the CMV promoter of the pCI vector. 

Cloning of a c-N-ras-Val-12 expression plasmid 

The human c-N-ras gene can be PCRed from a human 
cerebral cortex cDNA library (Clontech) using the following 
oligonucleotide primers. 

Sense strand: 

S'-GAGAGAATTCGCCACCATGACTGAGTACAAACTGGTGG-S' 
(SEQ.ID.NO.: 82) 

Aafeen.se strand; 

5'-GAGAGTCGACTTGTTACATCACCACACATGGC-3' (SEQ.ID.NO.: 
83) 

The primers will amplify a c-N-ras encoding DNA 
fragment with the primers contributing an optimized 'Kozak' 
translation start sequence, an EcoRI site at the N-terminus and a Sal I 
stite at the C-terminal end. After trimming the ends of the PCR product 
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with EcoRI and Sal I, the c-N-ras fragment can be ligated into an EcoRI 
-Sal I cut mutagenesis vector pAlter-1 (Promega). Mutation of glycine- 12 
to a valine can be accomplished using the manufacturer's protocols and 
the following oligonucleotide: 

5 

S'-GTTGGAGCAGTTGGTGTTGGG-S' (SEQ.ID.NO.: 84) 

After selection and sequencing for the correct nucleotide 
substitution, the mutated c-N-ras-Val-12 can be excised from the pAlter- 
10 1 vector, using EcoRI and Sal I, and be directly ligated into the vector 

pCI (Promega) which has been digested with EcoRI and Sal I. The new 
recombinant plasmid will constitutively transcribe c-N-ras-Val-12 from 
the CMV promoter of the pCI vector. 



15 Cloning of a c-K-ras-Val-12 expression plasmid 
25 The human c-K-ras gene can be PCRed from a human 

cerebral cortex cDNA library (Clontech) using the following 
oligonucleotide primers. 

30 20 Sense strand: 

5'-GAGAGGTACCGCCACCATGACTGAATATAAACTTGTGG-3' 
(SEQ.ID.NO.: 85) 

35 Antisense strand: 

25 S'-CTCTGTCGACGTATTTACATAATTACACACTTTGTC-S' 
(SEQ.ID.NO.: 86) 

40 The primers will amplify a c-K-ras encoding DNA fragment 

with the primers contributing an optimized TCozak* translation start 
30 sequence, a Kpnl site at the N-terminus and a Sal I stite at the C- 

terminal end. After trimming the ends of the PCR product with Kpn I 
and Sal I, the c-K-ras fragment can be ligated into a Kpnl -Sal I cut 
mutagenesis vector pAlter-1 (Promega). Mutation of cysteine-12 to a 
valine can be accomplished using the manufacturer's protocols and the 
35 following oligonucleotide: 
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S'-GTAGTrGGAGCTCTTGOCGTAGGC-S' (SEQ.ID.NO.:87) 

After selection and sequencing for the correct nucleotide 
substitution, the mutated c-K-ras-Val-12 can be excised from the pAlter- 
1 vector, using Kpnl and Sal I, and be directly ligated into the vector pCI 
(Promega) which has been digested with Kpnl and Sal I. The new 
recombinant plasmid will constitutively transcribe c-K-ras-Val-12 from 
the CMV promoter of the pCI vector. 

SEAP assay 

Human C33A cells (human epitheial carcenoma - ATTC 
collection) are seeded in 10cm tissue culture plates in DMEM + 10% fetal 
calf serum + IX Pen/Strep + IX glutamine + IX NEAA. Cells are grown 
at 37°C in a 5% CO2 atmosphere until they reach 50 -80% of confluency. 

The transient transfection is performed by the CaP04 
method (Sambrook et al., 1989). Thus, expression plasmids for H-ras, 
N-ras, K-ras, Myr-ras or H-ras-CVLL are co-precipitated with the DSE- 
SEAP reporter construct. For 10cm plates 600^1 of CaCl2 -DNA solution 
is added dropwise while vortexing to 600/il of 2X HBS buffer to give 1.2ml 
of precipitate solution (see recipes below). This is allowed to sit at room 
temperature for 20 to 30 minutes. While the precipitate is forming, the 
media on the C33A cells is replaced with DMEM (minus phenol red; 
Gibco cat. # 31053-028)+ 0.5% charcoal stripped calf serum + IX 
(Pen/Strep, Glutamine and nonessential aminoacids). The CaP04-DNA 

precipitate is added dropwise to the cells and the plate rocked gently to 
distribute. DNA uptake is allowed to proceed for 5-6 hrs at 37°C under a 
5% CO2 atmosphere. 

Following the DNA incubation period, the cells are washed 
with PBS and trypsinized with 1ml of 0.05% trypsin. The 1 ml of 
trypsinized cells is diluted into 10ml of phenol red free DMEM + 0.2% 
charcoal stripped calf serum + IX (Pen/Strep, Glutamine and NEAA ). 
Transfected cells are plated in a 96 well microtiter plate (100^1/well) to 
which drug, diluted in media, has already been added in a volume of 
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lOO/il. The final volume per well is 200/d with each drug concentration 
repeated in triplicate over a range of half-log steps. 



Incubation of cells and test compounds or compositions is 



for 36 hrs at 37°Cunder C02- At the end of the incubation period, cells 
are examined microscopically for evidence of cell distress. Next, 100/d of 
media containing the secreted alkaline phosphatase is removed from 
each well and transferred to a microtube array for heat treatment at 
65°C for 1 hr to inactivate endogenous alkaline phosphatases (but not the 
heat stable secreted phosphatase). 



The heat treated media is assayed for alkaline phosphatase 



by a luminescence assay using the luminescence reagent CSPD® 
(Tropix, Bedford, Mass.). A volume of 50 pi media is combined with 200 
/d of CSPD cocktail and incubated for 60 minutes at room temperature. 
Luminesence is monitored using an ML2200 microplate luminometer 
(Dynatech). Luminescence reflects the level of activation of the fos 
reporter construct stimulated by the transiently expressed protein. 



DNA-CaPQ^. precipitate for 10cm. plate of cells 



280mM NaCl 
lOmM KC1 

1.5mMNa2HP04 2H2O 
12mM dextrose 
50mM HEPES 
Final pH = 7.05 



Ras expression plasmid (l/xg//zl) 
DSE-SEAP Plasmid (lpg//d) 
Sheared Calf Thymus DNA (ljigfrl) 
2M CaCl2 
dH20 



lOpl 
2/d 
8/xl 
74/d 
506pl 



3 XBBS Puffer 



Luminesence Buffer (26ml) 

Assay Buffer 20ml 
Emerald Reagent™ (Tropix) 2.5ml 
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lOOmM homoarginine 2.5ml 
CSPD Reagent® (Tropix) 1.0ml 

Assay Buffer 

5 Add 0.05M Na2C03 to 0.05M NaHC03 to obtain pH 9.5. 
Make ImM in MgCl2 

EXAMPLE 40 

10 The processing assays employed in this example and in 

Example 41 are modifications of that described by DeClue et al [Cancer 
Research 51, 712-717, 1991]. 

K4B-Ras processing inhibition assay 

15 PSN-1 (human pancreatic carcinoma) are used for analysis 

of protein processing. Subconfluent cells in 100 mm dishes are fed with 
3.5 ml of media (methionine-free RPMI supplemented with 2% fetal 
bovine serum or cysteine-free/methionine-free DMEM supplemented 
with 0.035 ml of 200 mM glutamine (Gibco), 2% fetal bovine serum, 

20 respectively) containing the desired concentration of farnesyl -protein 
transferase inhibitor, HMG-CoA reductase inhibitor, instant 
combination composition or solvent alone. Test compounds or 
compositions are prepared as lOOOx concentrated solutions in DMSO to 
yield a final solvent concentration of 0.1%. Following incubation at 37°C 

25 for two hours 204 /iCi/ml [ 35 SlPro-Mix (Amersham, cell labeling grade) 
is added. 

After introducing the label amino acid mixture, the cells 
are incubated at 37°C for an additional period of time (typically 6 to 24 
hours). The media is then removed and the cells are washed once with 
30 cold PBS. The cells are scraped into 1 ml of cold PBS, collected by 

centrifugation (10,000 x g for 10 sec at room temperature), and lysed by 
vortexing in 1 ml of lysis buffer (1% Nonidet P-40, 20 mM HEPES, pH 7.5, 
150 mM NaCl, 1 mM EDTA, 0.5% deoxycholate, 0.1% SDS, 1 mM DTT, 10 
jig/ml AEBSF, 10 /ig/ml aprotinin, 2 /ig/ml leupeptin and 2 /Ag/ml 
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10 



15 



20 



25 



antipain). The lysate is then centrifuged at 15,000 x g for 10 min at 4°C 
and the supernatant saved. 

For immunoprecipitation of Ki4B-Ras, samples of lysate 
supernatant containing equal amounts of protein are utilized. Protein 
5 concentration is determined by the bradford method utilizing bovine 
serum albumin as a standard. The appropriate volume of lysate is 
brought to 1 ml with lysis buffer lacking DTT and 8 fig of the pan Ras 
monoclonal antibody, Yl 3-259, added. The protein/antibody mixture is 
incubated on ice at 4°C for 24 hours. The immune complex is collected 
10 on pansorbin (Calbiochem) coated with rabbit antiserum to rat IgG 

(Cappel) by tumbling at 4°C for 45 minutes. The pellet is washed 3 times 
with 1 ml of lysis buffer lacking DTT and protease inhibitors and 
resuspended in 100 pi elution buffer (10 mM Tris pH 7.4, 1% SDS). The 
Ras is eluted from the beads by heating at 95° C for 5 minutes, after 
15 which the beads are pelleted by brief centrifugation (15,000 x g for 30 sec. 
at room temperature). 

The supernatant is added to 1 ml of Dilution Buffer 0.1% 
Triton X-100, 5 mM EDTA, 50 mM NaCl, 10 mM Tris pH 7.4) with 2 /zg 
Kirsten-ras specific monoclonal antibody, c-K-ras Ab-1 (Calbiochem). 
30 20 The second protein/antibody mixture is incubated on ice at 4°C for 1-2 

hours. The immune complex is collected on pansorbin (Calbiochem) 
coated with rabbit antiserum to rat IgG (Cappel) by tumbling at 4°C for 
45 minutes. The pellet is washed 3 times with 1 ml of lysis buffer lacking 
35 DTT and protease inhibitors and resuspended in Laemmli sample 

25 buffer. The Ras is eluted from the beads by heating at 95°C for 5 

minutes, after which the beads are pelleted by brief centrifugation. The 
supernatant is subjected to SDS-PAGE on a 12% acrylamide gel (bis- 
40 acrylamideracrylamide, 1:100), and the Ras visualized by fluorography. 

30 hDJ processing inhibition assay 

PSN-1 cells are seeded in 24-well assay plates. For each 
45 compoundor composition to be tested, the cells are treated with a 

minimum of seven concentrations in half-log steps. The final solvent 
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(DMSO) concentration is 0.1%. A vehicle-only control is included on 
each assay plate. The cells are treated for 24 hours at 37'C / 5% C0 2 . 

The growth media is then aspirated and the samples are 
washed with PBS, The cells are lysed with SDS-PAGE sample buffer 
containing 5% 2-mercaptoethanol and heated to 95"C for 5 minutes. 
After cooling on ice for 10 minutes, a mixture of nucleases is added to 
reduce viscosity of the samples. 

The plates are incubated on ice for another 10 minutes. The 
samples are loaded onto pre-cast 8% acrylamide gels and 
electrophoresed at 15 mA/gel for 3-4 hours. The samples are then 
transferred from the gels to PVDF membranes by Western blotting. 

The membranes are blocked for at least 1 hour in buffer 
containing 2% nonfat dry milk. The membranes are then treated with a 
monoclonal antibody to HDJ-2 (Neomarkers Cat. # MS-225), washed, and 
treated with an alkaline phosphatase-conjugated secondary antibody. 
The membranes are then treated with a fluorescent detection reagent 
and scanned on a phosphorimager. 

For each sample, the percent of total signal corresponding 
to the unprenylated species of HDJ (the slower-migrating species) is 
calculated by densitometry. Dose-response curves and IC50 values are 
generated using 4-parameter curve fits in SigmaPlot software. 

EXAMPLE 41 
K4B-Ra s processing inhibition assay 

PSN-1 (human pancreatic carcinoma) cells are used for 
analysis of protein processing. Subconfluent cells in 150 mm dishes are 
fed with 20 ml of media (RPMI supplemented with 15% fetal bovine 
serum) containing the desired concentration of test composition, 
compound, lovastatin or solvent alone. Cells treated with lovastatin (5-10 
f*M), a compound that blocks Ras processing in cells by inhibiting a rate- 
limiting step in the isoprenoid biosynthetic pathway, serve as a positive 
control. Test compounds and compositions are prepared as lOOOx conc- 
entrated solutions in DMSO to yield a final solvent concentration of 0.1%. 
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5 



The cells are incubated at 37°C for 24 hours, the media is 
then removed and the cells are washed twice with cold PBS. The cells 
are scraped into 2 ml of cold PBS, collected by centrifugation (10,000 x g 
for 5 min at 4°C) and frozen at -70°C. Cells are lysed by thawing and 
5 addition of lysis buffer (50 mM HEPES, pH 7.2, 50 mM NaCl, 1% CHAPS, 
0.7 fig/ml aprotinin, 0.7 jig/ml leupeptin 300 jig/ml pefabloc, and 0.3 mM 
EDTA). The lysate is then centrifuged at 100,000 x g for 60 min at 4°C 
and the supernatant saved. The supernatant may be subjected to SDS- 
PAGE, HPLC analysis, and/or chemical cleavage techniques. 

10 The lysate is applied to a HiTrap-SP (Pharmacia Biotech) 

column in buffer A (50 mM HEPES pH 7.2) and resolved by gradient in 
buffer A plus 1 M NaCl. Peak fractions containing Ki4B-Ras are pooled, 
diluted with an equal volume of water and immunoprecipitated with the 
pan Ras monoclonal antibody, Y13-259 linked to agarose or Kirsten-ras 

15 specific monoclonal antibody, c-K-ras Ab-1 (Calbiochem). The 

protein/antibody mixture is incubated at 4°C for 12 hours. The immune 
complex is washed 3 times with PBS , followed by 3 times with water. 
The Ras is eluted from the beads by either high pH conditions (pH>10) or 
by heating at 95°C for 5 minutes, after which the beads are pelleted by 

20 brief centrifugation. The supernatant may be subjected to SDS-PAGE, 
HPLC analysis, and/or chemical cleavage techniques. 



35 Rapl processing inhibition assay 

25 

Protocol A: 

Cells are labeled, incubated and lysed as described in 

#> Example 41. 

For immunoprecipitation of Rapl, samples of lysate 
30 supernatant containing equal amounts of protein are utilized. Protein 
concentration is determined by the bradford method utilizing bovine 
45 serum albumin as a standard. The appropriate volume of lysate is 

brought to 1 ml with lysis buffer lacking DTT and 2 fig of the Rapl 
antibody, Rapl/Krevl (121) (Santa Cruz Biotech), is added. The 
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protein/antibody mixture is incubated on ice at 4°C for 1 hour. The 
immune complex is collected on pansorbin (Calbiochem) by tumbling at 
4°C for 45 minutes. The pellet is washed 3 times with 1 ml of lysis buffer 
lacking DTT and protease inhibitors and resuspended in 100 ml elution 
buffer (10 mM Tris pH 7.4, 1% SDS). The Rapl is eluted from the beads 
by heating at 95°C for 5 minutes, after which the beads are pelleted by 
brief centrifugation (15,000 x g for 30 sec. at room temperature). 

The supernatant is added to 1 ml of Dilution Buffer (0.1% 
Triton X-100, 5 mM EDTA, 50 mM NaCl, 10 mM Tris pH 7.4) with 2 mg 
Rapl antibody, Rapl/Krevl (121) (Santa Cruz Biotech). The second 
protein/antibody mixture is incubated on ice at 4°C for 1^2 hours. The 
immune complex is collected on pansorbin (Calbiochem) by tumbling at 
4°C for 45 minutes. The pellet is washed 3 times with 1 ml of lysis buffer 
lacking DTT and protease inhibitors and resuspended in Laemmli 
sample buffer. The Rapl is eluted from the beads by heating at 95°C for 5 
minutes, after which the beads are pelleted by brief centrifugation. The 
supernatant is subjected to SDS-PAGE on a 12% acrylamide gel (bis- 
acrylamide:acrylarnide, 1:100), and the Rapl visualized by fluorography. 

Protocol B: 

PSN-1 cells are passaged every 3-4 days in 10cm plates, 
splitting near-confluent plates 1:20 and 1:40. The day before the assay is 
set up, 5x 10 6 cells are plated on 15cm plates to ensure the same stage of 
confluency in each assay. The media for these cells is RPM1 1640 
(Gibco), with 15% fetal bovine serum and Ix Pen/Strep antibiotic mix. 

The day of the assay, cells are collected from the 15cm plates 
by trypsinization and diluted to 400,000 cells/ml in media. 0.5ml of these 
diluted cells are added to each well of 24-well plates, for a final cell 
number of 200,000 per well. The cells are then grown at 37°C overnight. 

The compounds or composite onsto be assayed are diluted in 
DMSO in L/2-log dilutions. The range of final concentrations to be 
assayed is generally 0.1-100jiM. Four concentrations per compound is 
typical. The compounds are diluted so that each concentration is lOOOx of 
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the final concentration (i.e., for a 10/iM data point, a lOmM stock of the 
compound is needed). 

2(iL of each lOOOx compound stock is diluted into 1ml media 
to produce a 2X stock of compound. A vehicle control solution (2/iL 
DMSO to 1ml media), is utilized. 0.5 ml of the 2X stocks of compound are 
added to the cells. 

After 24 hours, the media is aspirated from the assayplates. 
Each well is rinsed with 1ml PBS, and the PBS is aspirated. 180/xL SDS- 
PAGE sample buffer (Novex) containing 5% 2-mercaptoethanol is added 
to each well. The plates are heated to 100*C for 5 minutes using a heat 
block containing an adapter for assay plates. The plates, are placed on 
ice. After 10 minutes, 20/iL of an RNAse/DNase mix is added per well. 
This mix is lmg/ml DNasel (Worthington Enzymes), 0.25mg/ml Rnase 
A (Worthington Enzymes), 0.5M Tris-HCl pH8.0 and 50mM MgCL>. The 
plate is left on ice for 10 minutes. Samples are then either loaded on the 
gel, or stored at -70"C until use. 

Each assay plate (usually 3 compounds, each in 4-point 
titrations, plus controls) requires one 15-well 14% Novex gel. 25/il of 
each sample is loaded onto the gel. The gel is run at 15mA for about 3.5 
hours. It is important to run the gel far enough so that there will be 
adequate separation between 21kd (Rapl) and 29kd (Rab6). 

The gels are then transferred to Novex pre-cut PVDF 
membranes for 1.5 hours at 30V (constant voltage). Immediately after 
transferring, the membranes are blocked overnight in 20ml Western 
blocking buffer (2% nonfat dry milk in Western wash buffer (PBS + 0.1% 
Tween-20). If blocked over the weekend, 0.02% sodium azide is added. 
The membranes are blocked at 4*C with slow rocking. 

The blocking solution is discarded and 20ml fresh blocking 
solution containing the anti Rap la antibody (Santa Cruz Biochemical 
SC1482) at 1:1000 (diluted in Western blocking buffer) and the anti Rab6 
antibody (Santa Cruz Biochemical SC310) at 1:5000 (diluted in Western 
blocking buffer) are added. The membranes are incubated at room 
temperature for 1 hour with mild rocking. The blocking solution is then 
discarded and the membrane is washed 3 times with Western wash 
buffer for 15 minutes per wash. 20 ml blocking solution containing 
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1:1000 (diluted in Western blocking buffer) each of two alkaline 
phosphatase conjugated antibodies (Alkaline phosphatase conjugated 
Anti-goat IgG and Alkaline phosphatase conjugated anti-rabbit IgG 
[Santa Cruz Biochemical]) is then added. The membrane is incubated 
for one hour and washed 3x as above. 

About 2ml per gel of the Amersham ECF detection reagent 
is placed on an overhead transparency (ECF) and the PVDF membranes 
are placed face-down onto the detection reagent. This is incubated for 
one minute, then the membrane is placed onto a fresh transparency 
sheet. 

The developed transparency sheet is scanned on a 
phosphorimager and the Rap la Minimum Inhibitory Concentration is 
determined from the lowest concentration of compound that produces a 
detectable Rap la Western signal. The Rap la antibody used recognizes 
only unprenylated/unprocessed Rapla, so that the precence of a 
detectable Rapla Western signal is indicative of inhibition of Rapla 
prenylation. 

The ability of the PSA conjugate compounds useful in the 
methods of the present invention of the present invention to be selectively 
cleaved by enzymatically active PSA and the selective cytotoxicity of those 
conjugate compounds can be demonstrated using the following assays. 

Prptpcpl C: 

This protocol allows the determination of an EC 5 q for 
inhibition of processing of Rapla. The assay is run as described in 
Protocol B with the following modifications. 20 /il of sample is run on 
pre-cast 10-20% gradient acrylamide mini gels (Novex Inc.) at 15 mA/gel 
for 2.5-3 hours. Prenylated and unprenylated forms of Rapla are 
detected by blotting with a polyclonal antibody (Rapl/Krev-1 Ab#121; 
Santa Cruz Research Products #sc-65), followed by an alkaline 
phosphatase-conjugated anti-rabbit IgG antibody. The percentage of 
unprenylated Rapla relative to the total amount of Rapla is determined 
by peak integration using Imagequant® software (Molecular Dynamics). 
Unprenylated Rapla is distinguished from prenylated protein by virtue 



- 445 - 



WO 00/59930 



PCT/USOO/08762 



of the greater apparent molecular weight of the prenylated protein. 
Dose-response curves and EC5Q values are generated using 4-parameter 
curve fits in SigmaPlot software. 

5 EXAMPLE 43 

Assessment of the Recognition of Oligopeptide-Cytotoxic Drug 
Conjugates frv Free PSA 

The conjugates prepared as described in Examples 28-34 are 
10 individually dissolved Ln PSA digestion buffer (50 mM 

tris(hydroxymethyl)-ammomethane pH7.4, 140 mM NaCl) and the 
solution added to PSA at a molar ration of 100 to 1. Alternatively, the 
PSA digestion buffer utilized is 50 mM tris(hydroxymethyl)- 
aminomethane pH7.4, 140 mM NaCl. The reaction is quenched after 
15 various reaction times by the addition of trifluoroacetic acid (TFA) to a 
final 1% (volume/volume). Alternatively the reaction is quenched with 
lOmM ZnCl2- The quenched reaction is analyzed by HPLC on a 

reversed-phase C18 column using an aqueous 0. l%TFA/acetonitrile 
gradient. The amount of time (in minutes) required for 50% cleavage of 
20 the noted oligopeptide-cytotoxic agent conjugates with enzymatically 
active free PSA were then calculated. 



EXAMPLE 44 

35 In vitro Ass ay of Cytotoxicity of Pe ptidvl Derivatives of Doxorubicin: 

25 

The cytotoxicities of the cleaveable oligopeptide-doxorubicin 
conjugates, prepared as described in Examples 25-27, against a line of 
40 cells which is known to be killed by unmodified doxorubicin are assessed 

with an Alamar Blue assay. Specifically, cell cultures of LNCap 
30 prostate tumor cells (which express enzymatically active PSA) or 
DuPRO cells in 96 well plates are diluted with medium (Dulbecco's 
45 Minimum Essential Medium-a [MEM-a]) containing various 

concentrations of a given conjugate (final plate well volume of 200 ul). 
The cells are incubated for 3 days at 37 °C, 20 ul of Alamar Blue is added 
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to the assay well. The cells are farther incubated and the assay plates 
are read on a EL-310 ELISA reader at the dual wavelengths of 570 and 
600 nm at 4 and 7 hours after addition of Alaraar Blue. Relative 
percentage viability at the various concentration of conjugate tested is 
then calculated versus control (no conjugate) cultures. 

EMMPLS4 5 

In vitro Assay of Cytotoxicity ofPeptidyl Derivatives ofVinca Drugs 

The cytotoxicities of the cleaveable oligopeptide-vinca drug 
conjugates, prepared as described in Examples 28-34, against a line of 
cells which is known to be killed by unmodified vinca drug was assessed 
with an Alamar Blue assay. Specifically, cell cultures of LNCap 
prostate tumor cells, Colo320DM cells (designated C320) or T47D cells in 
96 well plates are diluted with medium containing various 
concentrations of a given conjugate (final plate well volume of 200ul). 
The Colo320DM cells, which do not express free PSA, are used as a 
control cell line to determine non-mechanism based toxicity. The cells 
are incubated for 3 days at 37°C, 20ul of Alamar Blue is added to the 
assay well. The cells are further incubated and the assay plates are read 
on a EL-310 ELISA reader at the dual wavelengths of 570 and 600 nm at 4 
and 7 hours after addition of Alamar Blue. Relative percentage viability 
at the various concentration of conjugate tested is then calculated versus 
control (no conjugate) cultures and an EC 5u was determined. 

EXAMPLE 46 

In vivo Efficacy ofPeptidvl -Cytotoxic Apent Conjugates 

LNCaP.FGC or DuPRO-1 cells are trypsinized, resuspended 
in the growth medium and centifuged for 6 mins. at 200xg. The cells are 
resuspended in serum-free a-MEM and counted. The appropriate 
volume of this solution containing the desired number of cells is then 
transferred to a conical centrifuge tube, centrifuged as before and 
resuspended in the appropriate volume of a cold 1:1 mixture of a-MEM- 
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Matrigel. The suspension is kept on ice until the animals are 
inoculated. 

Harlan Sprague Dawley male nude mice (10-12 weeks old) 
are restrained without anesthesia and are inoculated with 0.5 mL of cell 
suspension on the left flank by subcutaneous injection using a 22G 
needle. Mice are either given approximately 5xl0 5 DuPRO cells or 
1.5xl0 7 LNCaP.FGC cells. 

Following inoculation with the tumor cells the mice are 
treated under one of two protocols: 

Protocol A; 

One day after cell inoculation the animals are dosed with a 
0.1-0.5 mL volume of test conjugate, vinca drug or vehicle control (sterile 
water). Dosages of the conjugate and vinca drug are initially the 
maximum non-lethal amount, but may be subsequently titrated lower. 
Identical doses are administered at 24 hour intervals for 5 days. After 10 
days, blood samples are removed from the mice and the serum level of 
PSA is determined. Similar serum PSA levels are determined at 5-10 
day intervals. At the end of 5.5 weeks the mice are sacrificed and 
weights of any tumors present are measured and serum PSA again 
determined. The animals' weights are determined at the beginning and 
end of the assay. 

P rotocol P: 

Ten days after cell inoculation,blood samples are removed 
from the animals and serum levels of PSA are determined. Animals 
are then grouped according to their PSA serum levels. At 14-15 days 
after cell inoculation, the animals are dosed with a 0.1-0.5 mL volume of 
test conjugate, vinca drug or vehicle control (sterile water). Dosages of 
the conjugate and vinca drug are initially the maximum non-lethal 
amount, but may be subsequently titrated lower. Identical doses are 
administered at 24 hour intervals for 5 days. Serum PSA levels are 
determined at 5-10 day intervals. At the end of 5.5 weeks the mice are 
sacrificed, weights of any tumors present are measured and serum PSA 
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again determined. The animals' weights are determined at the 
beginning and end of the assay. 

EXAMPLE 47 

In vivo Efficacy of Administration of a Combination of a PSA Conjugate 
and a Prenyl Protein Transferase Inhibitor 

Male nude mice (4 groups of 15) were injected 
subcutaneously with 1.5xl0 7 LNCaP.FGC cells (available from the 
American Type Culture Collection, ATCC No. CRL-1740; see also J.S. 
Horoszewicz et al. Cancer Res., 43:1809-1818 (1983)) in 80% MatrigeL 

Compound A, prepared as described in Example 2 (1.8 g) 
was dissolved in 4.4 mL 50% aqueous DMSO; filtered through a Millipore 
Steriflip™ filter unit (0.22 um membrane) and stored at room 
temperature. ALZET® micro-osmotic pumps (model 1007D, mean 
pumping rate 0.5 ul/hr, mean fill volume 98.1 uL) were filled with either 
the solution of Compound A or vehicle (50% aqueous DMSO), placed in 
warm isotonic saline and kept in a 37° C waterbath until used. 

On the forth day after the injection of the LNCaP.FGC cells, 
the mice were anesthestized and the pumps implanted subdermally as 
follows: 

Group A: Pump containing Compound A solution 
Group B: Pump containing vehicle 
Group C: Pump containing Compound A solution 
Group D: Pump containing vehicle 

48 Hours after the implantation of the osmotic pumps, three 
mice from each group were bled from the tail vein to assess serum levels 
of Compound A. After the levels of Compound A were assessed, 0.20 mL 
of a solution of Compound B, prepared as described in Example 26 (37.1 
mg dissolved in 34.1 mL D5W + 80 uL 7.5% sodium bicarbonate) was 
administered to Groups A and B. Vehicle (0.20 mL) was administered to 
Groups C and D. 
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Four additional doses (one/day) of Compound B solution or 
vehicle were administered to the respective Groups over four days. The 
mice were then maintained for 22 days. 

At the end of 22 days after the last injection of Compound B 
solution or vehicle the mice were bled from the tail vein and the plasma 
PSA level was measured using a Tandem®-E PSA ImmunoEnzyMetri 
Assay kit (Hybritech). The mice were then sacrificed, weighed, tumors 
excised and weighed. The results are shown in Figures 1 and 2. 

EXAMPLE 48 

In vitro determination of proteolytic cleavage of conjugates by 
endogenous non-P$A proteases 

Step A : Preparation of proteolytic tissue extracts 

All procedures are carried out at 4°C. Appropriate animals 
are sacrificed and the relevant tissues are isolated and stored in liquid 
nitrogen. The frozen tissue is pulverized using a mortar and pestle and 
the pulverized tissue is transfered to a Potter-Elvejeh homogenizer and 2 
volumes of Buffer A (50 mM Tris containing 1.15% KC1, pH 7.5) are 
added. The tissue is then disrupted with 20 strokes using first a lose 
fitting and then a tight fitting pestle. The homogenate is centrifuged at 
10,000 x g in a swinging bucket rotor (HB4-5), the pellet is discarded and 
the re-supernatant centrifuged at 100,000 x g (Ti 70). The supernatant 
(cytosol)is saved. 

The pellet is resuspended in Buffer B (10 mM EDTA 
containing 1.15% KC1, pH 7.5) using the same volume used in step as 
used above with Buffer A. The suspension is homogenized in a dounce 
homogenizer and the solution centrifuged at 100,000x g. The 
supernatant is discarded and the pellet resuspended in Buffer C(10 mM 
potassium phosphate buffer containing0.25 M sucrose, pH 7.4), using 1/2 
the volume used above, and homogenized with a dounce homogenizer. 

Protein content of the two solutions (cytosol and membrane) 
is determine using the Bradford assay. Assay aliquot s are then removed 
and frozen in liquid N2- The aliquots are stored at -70°C. 
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StepB: Proteolytic cleavage assay 

For each time point, 20 microgram of peptide-vinca drug 
conjugate and 150 micrograms of tissue protein, prepared as described 
in Step A and as determined by Bradford in reaction buffer are placed in 
solution of final volume of 200 microliters in buffer (50 mM THIS, 140 
mM NaCl, pH 7.2). Assay reactions are run for 0, 30, 60, 120, and 180 
minutes and are then quenched with 9 microliters of 0.1 M ZnCl2 and 
immediately placed in boiling water for 90 seconds. Reaction products 
are analyzed by HPLC using a VYDAC C18 15 cm column in water / 
acetonitrile (5% to 50% acetonitrile over 30 minutes). 



- 451 - 



Claims 



5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



WO 00/59930 



PCI7USO0/08762 



WH AT IS CLAIMED IS; 

1. A method for achieving a therapeutic effect in a mammal in 
need thereof which comprises administering to said mammal amounts 
of at least one inhibitor of prenyl-protein transferase and at least one 
PSA conjugate. 

2. The method according to Claim 1 wherein an amount of a 
prenyl-protein transferase inhibitor and an amount of an PSA conjugate 
are administered consecutively. 

3. The method according to Claim 1 wherein an amount of a 
prenyl-protein transferase inhibitor and an amount of an PSA conjugate 
are administered simultaneously. 

4. The method according to Claim 1 wherein the therapeutic 
effect is treatment of cancer. 

5. The method according to Claim 4 wherein the therapeutic 
effect is selected from inhibition of cancerous tumor growth and 
regression of cancerous tumors. 

6. The method according to Claim 4 wherein the cancer is a 
cancer related to cells that express enzymatically active PSA. 

7. The method according to Claim 4 wherein the cancer is 
prostate cancer. 

8. The method according to Claim 1 wherein the PSA 
conjugate is selected from: 
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a) . a compound represented by the formula IX: 




OH X L - oligopeptide - R 
IX 

wherein: 

oligopeptide is an oligopeptide which is specifically recognized by 
the free prostate specific antigen (PSA) and is capable of being 
proteolytically cleaved by the enzymatic activity of the free prostate 
specific antigen; 

XL is absent or is an amino acid selected from: 



a) 


phenylalanine, 


b) 


leucine, 


c) 


valine, 


d) 


isoleucine, 


e) 


(2-naphthyl)alanine, 


0 


cyclohexylalanine, 


g) 


diphenylalanine, 


h) 


norvaline, and 


j) 


norleucine; 



R is hydrogen or -(C=0)R 1 ; and 
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R 1 is Ci-C6-alkyl or aryl, 

or the pharmaceutical ly acceptable salt thereof; 
b) a compound represented by the formula X: 



OH 




X L - oligopeptide - R 

X 

wherein: 

oligopeptide is an oligopeptide which is specifically recognized by 
the free prostate specific antigen (PSA) and is capable of being 
proteolytically cleaved by the enzymatic activity of the free prostate 
specific antigen; 

Xl is absent or is an amino acid selected from: 

a) phenylalanine, 

b) leucine, 

c) valine, 

d) isoleucine, 

e) (2-naphthyl)alanine, 
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f) cyclohexylalanine, 

g) diphenylalanine, 

h) norvaline, and 
j) norleucine; or 

XL is -NH-(CH2) n -NH- 

R is hydrogen or -(C=0)R 1 ; 
R 1 is Cl-C6-alkyl or aryl; 

R*9 i s hydrogen or acetyl; and 
n is 1, 2, 3, 4 or 5, 

or the pharmaceutical^ acceptable salt thereof; 
c) a compound represented by the formula XI: 




XI 



C-terminus 



N-terminus 
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wherein: 

oligopeptide is an oligopeptide which is selectively recognized by 
the free prostate specific antigen (PSA) and is capable of being 
proteolytically cleaved by the enzymatic activity of the free prostate 
specific antigen, wherein the oligopeptide comprises a cyclic 
amino acid of the formula: 




and wherein 

the C-terminus carbonyl is covalently bound to the amine of 
doxorubicin; 



R is selected from 

a) hydrogen, 

b) -(C=0)RK 
c) 



d) 
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O 0 ; 

R* and are independently selected from: hydrogen, OH, C1-C6 alkyl, 
C1-C6 alkoxy, C1-C6 aralkyl and aryl; 

R la is Ci-C6-alkyl, hydroxylated aryl, polyhydroxylated aryl or aryl; 
5 

R is selected from HO- and C1-C6 alkoxy; 
6 

R is selected from hydrogen, halogen, C1-C6 alkyl, HO- and C1-C6 
alkoxy; and 

n is 1, 2, 3 or 4; 

p is zero or an integer between 1 and 100; 
q is 0 or 1, provided that if p is zero, q is 1; 
r is an integer between 1 and 10; and 
t is 3 or 4; 

or a pharmaceutical^ acceptable salt thereof; 
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d) a compound represented by the formula X: 




XII X L -^oligopeptide - R 

C-terminus 



wherein: 

oligopeptide is an oligopeptide which is specifically recognized by 
the free prostate specific antigen (PSA) and is capable of being 
proteolyticaUy cleaved by the enzymatic activity of the free prostate 
specific antigen, and the oligopeptide comprises a cyclic amino 
acid of the formula: 




XL is -NH-(CH2)u-NH- 



- 458 - 



WO 00/59930 



PCT/USOO/08762 



R is selected from 

a) hydrogen, 

b) -(C=0)Rla 

c) 



d) 




o o 

J 

R 1 and R 2 are independently selected from: hydrogen, OH, C1-C6 alkyl, 
Cl-Ce alkoxy, C1-C6 aralkyl and aryl; 

R la is Cl-C6-alkyl, hydroxylated aryl, polyhydroxylated aryl or aryl; 

R 19 is hydrogen, (C1-C3 alkyl)-CO, or chlorosubstituted (C1-C3 alkyl)- 
CO; 

n is 1, 2, 3 or 4; 

p is zero or an integer between 1 and 100; 

q is 0 or 1, provided that if p is zero, q is 1; 

r is 1, 2 or 3; 

t is 3 or 4; 

u is 1,2, 3, 4 or 5, 

or the pharmaceutical^ acceptable salt thereof; 
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N-terminus 



wherein: 

oligopeptide is an oligopeptide which is selectively recognized by 
the free prostate specific antigen (PSA) and is capable of being 
proteolytically cleaved by the enzymatic activity of the free prostate 
specific antigen, and wherein the C-terminus carbonyl is 
covalently bound to the amine of doxorubicin and the N-terminus 
amine is covalently bound to the carbonyl of the blocking group; 

R is selected from 
a) 
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b) 




Rl and R2 are independently selected from: hydrogen, OH, Cl-C6 alkyl, 
5 C1-C6 alkoxy, C1-C6 aralkyl and aryl; 

n is 1, 2, 3 or 4; 

p is zero or an integer between 1 and 100; 
q is 0 or 1, provided that if p is zero, q is 1; 

10 

or the pharmaceutical ly acceptable salt thereof; 

f) a compound represented by the formula XIV: 




X L - oligopeptide - R 



wherein: 

oligopeptide is an oligopeptide which is specifically recognized by 
the free prostate specific antigen (PSA) and is capable of being 
20 proteolytically cleaved by the enzymatic activity of the free prostate 

specific antigen; 
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XL is -NH-(CH2)r-NH- 



R is selected from 
a) 



HO. 




R 1 R 2 



H 3 C 




Rl and R 2 are independently selected from: hydrogen, OH, C1-C6 alkyi, 
C1-C6 alkoxy, C1-C6 aralkyl and aryl; 

R 19 is hydrogen, (C1-C3 alkyl)-CO, or chlorosubstituted 
(C1-C3 alkyl)-CO; 

n is 1, 2, 3 or 4; 

p is zero or an integer between 1 and 100; 
q is 0 or 1, provided that if p is zero, q is 1; 
ris 1,2, 3, 4 or 5; 

or the pharmaceutical^ acceptable salt thereof; 
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g) a compound represented by the formula XV: 




X L - oligopeptide - R 



C-terminus 

wherein: 

oligopeptide is an oligopeptide which is specifically recognized by 
the free prostate specific antigen (PSA) and is capable of being 
proteolytically cleaved by the enzymatic activity of the free prostate 
specific antigen, 

XL is -NH-(CH2)u-W-(CH2)u-NH- 

R is selected from 

a) hydrogen , 

b) -(C=0)R la , 
c) 
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d) 




o o 

f) ethoxysquarate, and 

g) cotininyl; 

R 1 and R 2 are independently selected from: hydrogen, OH, C1-C6 alkyl, 
C1-C6 alkoxy, C1-C6 aralkyl and aryl; 

R la is Cl-C6-alkyl, hydroxylated C3-Cs-cycloalkyl, polyhydroxylated C3- 
C8-cycloalkyl, hydroxylated aryl, polyhydroxylated aryl or aryl; 

R 9 is hydrogen, (C1-C3 alkyl)-CO, or chlorosubstituted 
(C1-C3 alkyl)-CO; 

W is selected from cyclopentyl, cyclohexyl, cycloheptyl or 
bicyclo[2.2.2]octanyl; 

n is 1, 2, 3 or 4; 

p is zero or an integer between 1 and 100; 

q is 0 or 1, provided that if p is zero, q is 1; 

r is 1, 2 or 3; 

t is 3 or 4; 

uis 0,1, 2 or 3; 

or the pharmaceutically acceptable salt thereof; and 
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h) a compound represented by the formula XVI: 




C-terminus 



wherein: 

oligopeptide is an oligopeptide which is specifically recognized by 
the free prostate specific antigen (PSA) and is capable of being 
proteolytically cleaved by the enzymatic activity of the free prostate 
specific antigen, 

XL is selected from: a bond, -C(0)-(CH2HrW-(CH2)u-0- and 
- C(0)-(CH 2 )u-W-(CH2)u-NH -; 

R is selected from 

a) hydrogen, 

b) -(C=0)R la , 
0 
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d) 

h 3 c /0 V- "otf 




ft* 



B) 



HO. 

o 6 



f) ethoxysquarate, and 

g) cotininyl; 

10 Rl and R 2 are independently selected from: hydrogen, OH, Cl-C6 alkyl, 
C1-C6 alkoxy, C1-C6 aralkyl and aryl; 

R la is Cl-C6-alkyl, hydroxylated C3-C8-cycloalkyl, polyhydroxylated C3- 
Cg-cycloalkyl, hydroxylated aryl, polyhydroxylated aryl or aryl; 



15 



20 



R 9 is hydrogen, (C1-C3 alkyl)-CO, or chlorosubstituted (C1-C3 alkyl)-CO; 

W is selected from a branched or straight chain Cl-C6-alkyl, cyclopentyl, 
cyclohexyl, cycloheptyl or bicyclo[2.2.2]octanyl; 



n is 1, 2, 3 or 4; 

p is zero or an integer between 1 and 100; 

q is 0 or 1, provided that if p is zero, q is 1; 

r is 1, 2 or 3; 

25 tis 3 or 4; 

u is 0, 1, 2 or 3, 

or the pharmaceutical^ acceptable salt or optical isomer thereof. 
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9. The method according to Claim 8 wherein the PSA 
conjugate is selected from: 



i) 



CH 3 0 O OH 




wherein X is: 

AsnLyslleSerTyrGlnSer — 

AsnLysIleSerTyrGlnSerSer — 
AsnLyslleSerTyrGlnSerSerSer — 

AsnLyslleSerTyrGlnSerSerSerThr — 
AsnLyslleSerTyrGlnSerSerSerThrGlu — 

AlaAsnLyslleSerTyrGlnSerSerSerThrG lu - 



(SEQ.ID.NO.: 14), 
(SEQ.ID.NO.: 15), 
(SEQ.ID.NO.:16), 
(SEQ.ID.NO.:17), 
(SEQ.ID.NO.: 18), 

(SEQ.ID.NO.:19), 
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Ac — AlaAsnLyslleSerTyrGlnSerSerSerThr— (SEQ.ID.NO.: 20), 
Ac — AlaAsnLyslleSerTyrGlnSerSerSerThrLeu-- (SEQ.ID.NO.: 21), 

Ac — AlaAsnLysAlaSerTyrGlnSerAlaSerThrLeu— (SEQ.ID.NO.: 22), 
Ac — AlaAsnLysAlaSerTyrGlnSerAlaSerteu— (SEQ.ID.NO.: 23), 
Ac — AlaAsnLysAlaSerTyrGlnSerSerSerLeu — (SEQ.ID.NO.: 24), 
Ac — AlaAsnLysAlaSerTyrGlnSerSerLeu — (SEQ.ID.NO.: 25), 
Ac — SerTyrGlnSerSerSerLeu — (SEQ.ID.NO.: 26), 
Ac — hArgTyrGlnSerSerSerLeu— (SEQ.ID.NO.: 27). 

Ac — LysTyrGlnSerSerSerLeu — (SEQ.ID.NO.: 28), 

Ac — LysTyrGlnSerSerNle— (SEQ.ID.NO.: 29), 
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(SEQ.ID.NO.: 30), 
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wherein X is: 
O 

HO X 

^^^SerSerSerChgGlnSerLeu-^- (SEQ.ID.NO.: 32), 

O 

HO X 

^^^SerSerChgGlnSerLeu — i- (SEQ.ID.NO.: 33), 



H 3 C^°^^0^^° ^ ^SerSerSerChgGlnSerLeu— ]- 

(SEQ.ID.NO.: 34), 
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O 

l_j J — AlaSerChgGlnSerLeu-^- (SEQ.ID.NO.: 24), 

V 

OH 

H0 2 C. O O 

^-^\J / — AlaSerChgGlnSerLeu-^- 

o 

(SEQ.ID.NO.: 25), 

OH 

P °V\ 

Jl J — AlaSerChgGlnSerLeu-*- (SEQ.ID.NO.: 26), 
-OH 



OH 

O 

H y — AlaSerChgGlnSerLeu— <J- (SEQ.ID.NO.: 37), 




OH 

H0 2 C v O Q 

/ — AlaSerChgGlnSerLeu— <- 

o 

>f (SEQ.ID.NO.: 38), 



OH 

AlaSerChgGlnSerLeu— |- (SEQ.ID.NO.: 39), 
OH 
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50 
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35 



40 



45 



50 
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OH 




4-HypSerSerChgGln-SerVah- NH 
(SEQJD.NO.: 46), 
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vii) 




I 




/ OH 

CO2CH3 



wherein X is 



Ac-4-trar^-L-Hyp-Ser-Ser-Chg^ln-Ser-Ser-N^y 



(SEQ.ID.NO.: 49) 



carbon terminus 



Ac-4-trans-L-Hyp-Ser-Ser-Chg-Gln-Ser- 



H V 



(SEQ.ID.NO.: 50) 



/ 



carbon terminus 
Ac-4-trans-L-Hyp-Ser-Ser-Chg-Gln-SerSer ' ^if* 



(SEQ.ID.NO.: 51) 



/ 



carbon terminus 
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or 

Ac-4-trans-L-Hyp-Ser-Ser-Chg-Gln-Ser-Ser-N^ 

(SEQ.ID.NO, 52) carbon / ermjnus 

o 

o X 

Ac-44rans-L-Hyp-Ser-Ser-Chg^ln-SerVal ^ /• 
(SEQ.ID.NO.: 53) carbon terminus 



Vr\ >-OH 

Ac-4-trans-L-Hyp-Ser-Ser-Chg-Gln-Ser-Ser-N- 

(SEQ.ID.NO.: 54) car bon terminus 



Ac-Abu-Ser-Ser-Chg-Gln-Ser-N^/ 
(SEQ.ID.NO.: 55) carbon terminus 



HO 5} 

Abu-Ser-Ser-Chg-Gln-Ser-N^/ 
(SEQ.ID.NO, 56) carbon Linus 



45 



50 
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AcHN. 




Ser-Ser-Chg-Gln-Ser-Ser-N-^y 

/ 

I carbon terminus 




(SEQ.ID.NO.: 57) 



Ac-4-trans-L-Hyp-Ser-Ser-Chg-Gln-Ser-Val ' 

/ 

(SEQ.ID.NO.: 58) ^fam terminus 



CH 3 



O 



Ac-4-trans-L-Hyp^er-Ser-Chg-Gln-Ser-Leu x 

/ 

(SEQ.ID.NO.: 59) carbon terminus 



CH 3 



or a pharmaceuticaHy acceptable salt or optical isomer thereof. 

10. The method according to Claim 1 wherein the inhibitor of 
prenyl-protein transferase is a selective inhibitor of farnesyl-protein 
transferase. 

11. The method according to Claim 1 wherein the inhibitor of 
prenyl-protein transferase is a dual inhibitor of farnesyl-protein 
transferase and geranylgeranyl -protein transferase type I. 

12. The method according to Claim 11 wherein the dual 
inhibitor of farnesyl-protein transferase and geranylgeranyl-protein 
transferase type I is a Class II inhibitor. 
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13. The method according to Claim 11 wherein the dual 
inhibitor of farnesyl-protein transferase and geranylgeranyl-protein 
transferase type I is a Class III inhibitor. 

5 14. The method according to Claim 1 wherein the inhibitor of 

prenyl-protein transferase is selected from: 

2(S)-Buiyl-l-(23-dianimoprop-l-yl)-l-(l-naphthoyl)piperazine; 

10 l-(3-Amino-2-(2-naphthylmethylamino)prop-l-yl)-2(S)-butyl-4-(l- 
naphthoyDpiperazine; 



2(S)-Butyl-l-{5-[l-(2-naphthylmethyl)]-4,5Klihydroimidazol}methyl-4-(l- 
naphthoyDpiperazine; 

15 

25 l-[5-(l-Benzylimidazol)methyl]-2(S)-butyl-4-(l-naphthoyl)piperazine; 



20 



l-{5- 1 l-(4-nitrobenzyl)]imidazolylmethyl) -2(S)-butyl-4-( 1- 
naphthoyDpiperazine; 

l-(3-Acetamidomethylthio-2(R)-aminoprop-l-yl)-2(S)-butyl-4-(l- 
naphthoyDpiperazine ; 



35 2(S)-Butyl-l-[2-(l-imidazolyl)ethyl]sulfonyl-4-(l-naphthoyl)piperazine; 
25 

2(R)-Butyl-l-imidazolyl-4-methyl-4-(l-naphthoyl)piperazine; 

40 2(S)-Butyl-4-(l-naphthoyl)-l-(3-pyridylmethyl)piperazine; 

30 l-2(S)-butyl-(2(R)-(4-nitrobenzyl)ajnino-3-hydroxypropyl)-4-(l- 
naphthoyl)piperazine; 



35 



l-(2(R)-Amino-3-hydroxyheptadecyl).2(S)-buty]-4-(l-naphthoyl)- 
piperazine; 
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2(S)-BeazyM-imidazolyl-4-methyl-4-(l-naphthoyl)piperazine; 

l-(2(R)-Amino-3-(3-benzylthio)propyl)-2(S)-butyl-4-(l- 
naphthoyDpiperazine ; 

l-(2(R)-Amino-3-|3-(4-nitrobenzylthio)propyl])-2(S)-butyl>4-(l- 
naphthoyl)piperazine; 

2(S)-Butyl-l-I(4-imidazolyl)ethyl]-4-(l-naphthoyl)piperazine; 

2(S)-Butyl-l-[(4-imidazolyl)methyl]-4-(l-naphthoyl)piperazine; 

2(S)-Butyl-l-[(l-naphth-2-ylmethyl)-lH-imidazol-5-yl)acetyl]-4-(l- 
naphthoyDpiperazine; 

2(S)-Butyl-l-[(l-naphth-2-ylmethyl)-lH-imidazol-5-yl)ethyl]-4-(l- 
naphthoyl)piperazine; 

l-(2(R)-Amino-3-hydroypropyl)-2(S)-butyl-4-(l-naphthoyl)piperazine; 

l-(2(R)-Amino-4-hydroxybutyl)-2(S)-butyl-4-(l-naphthoyl)piperazine; 

l-(2-Amino-3-(2-benzyloxyphenyl)propyl)-2(S)-butyl-4-(l- 
naphthoyDpiperazine; 

l-(2-Amino-3-(2-hydroxyphenyl)propyl)-2(S)-butyl-4-(l- 
naphthoyDpiperazine; 

1- [3-(4-imidazolyl)propyl] -2(S)-butyl-4-( l-naphthoyl)-piperazine ; 

2(S)-rt-Butyl-4-(23-ciiniethylphenyl)-l-(4-imidazolylmethyl)-piperazin- 
5-one; 

2(S)-^-Butyl-l-[l-(4-cyanobenzyl)imidazol-5-ylmethyl]-4-(2,3- 
dimethylphenyl)piperazin-5-one; 
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l-[l-(4-Cyanobenzyl)imidazol-5-ylmethyl]-4-(2,3-dimethylphenyl)-2(S)- 
(2-methoxyethyl)piperazin-5-one; 

2(S)^-Butyl-4-(l-naphthoyl)-l-[l-(l-naphthylmethyl)imidazol-5- 
ylmethyl] -piperazine; 

2(S)-^-Butyl-4-(l-naphthoyl)-l-tl-(2-naphthylmethyl)imidazol-5- 
ylmethyl] -piperazine; 

2(S)-/i-Butyl-l-[l-(4-cyanobenzyl)imidazol-5-ylmethyl]-4-(l- 
naphthoyl)piperazine; 

2(S)-/i-Butyl-l-[l-(4-methoxybenzyl)imidazol-5-ylmethyl]-4-(l- 
naphthoyl)piperazine; 

2(S)-n-Butyl-l-[l-(3-methyl-2-butenyl)imidazol-5-ylmethyl]^-(l- 
naphthoyDpiperazine; 

2(S)-/i-Butyl-l-[l-(4-fluorobenzyl)imidazol-5-ylmethyl]-4-(l- 
naphthoyDpiperazine; 

2(S)-7i-Butyl-l-[l-(4-chlorobenzyl)imidazol-5-ylmethyl]-4-(l- 
naphthoyDpiperazine; 

141-(4-Bromobenzyl)imidazol-5-ylmethyl]-2(S)-n-butyl-4-(l- 
naphthoyDpiperazine; 

2(S)-/i-Butyl-4-(l-naphthoyl)-l-[l-(4-trifluoromethylbenzyl)imidazol-5- 
ylmethyl] -piperazine; 

2(S)-/i-Butyl-l-[l-(4-methylbenzyl)imidazol-5-ylmethyl]-4-(l-naphthoyl)- 
piperazine; 
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2(S)-7i-Butyl-l-[l-(3-methylbenzyl)imidazol-5-ylmethyl)-4-(l-naphthoyl)- 
piperazine; 

l-[l-(4:-Phenylbenzyl)imidazol-5-ylmethyl]-2(S)-n-butyl-4-(l*naphthoyl)- 
5 piperazine; 

2(S)-ra-Buty l-4-( 1-naphthoyl)- 1- [l-(2-phenylethyl)imidazol-5-ylme thyl] - 
piperazine; 

10 2(S)-/i-Butyl-4-(l-naphthoyl)-l-[l-(4-trifluoromethoxy)imidazol-5- 
ylme thyl] piperazine; 



l-{[l-(4-cyanobenzyl)-lH-imidazol-5-yl]acetyl}-2(S)-7i-butyl-4-(l- 
naphthoyl)piperazine; ' 

15 

25 (S)-l-(3-Chlorophenyl)-4-[l-(4^yanobenzyl)-5-imidazolylmethyl]-5-[2- 
(methanesulfonyl)ethyl]-2-piperazinone; 



(S)-l-(3-Chlorophenyl)-4-[l-(4-cyanobenzyl)-5-imidazolylmethyl]-5-[2- 
20 (e thane sulfonyl)ethyl]-2-piperazinone; 

(R)-l-(3-Chlorophenyl)-4-[l-(4-cyanobenzyl)-5-imidazolylmethyl]-5-[2- 
(ethanesulfonyl)methyl]-2-piperazinone; 

25 (S)-l-(3-Chlorophenyl)-4-[l-(4-cyanobenzyl)-5-imidazolylmethyl]-5-[N- 
ethyl-2-acetamido]-2-piperazinone; 



40 30 



(±)-5-(2-Butynyl)-l-(3-chlorophenyl)-4-[l-(4-cyanobenzyl)-5- 
imidazolylmethyl] -2-piperazinone ; 

l-(3-Chlorophenyl)-4-[l-(4-cyanobenzyl)-5-imidazolylmethyl]-2- 
piperazinone; 



45 5(S)-Butyl-4-[l-(4-cyanobenzyl-2-methyl)-5-imidazolylmethyl)-l-(2,3- 
35 dimethylphenyl)-piperazin-2-one; 



50 
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4^1-(2-(4-Cyanophenyl)-2-propyl)-5-imidazolylmethyl]-l-(3-chlorophenyl)- 
5(S)-(2-methylsidfonylethyl)piperazin-2-one; 

5(S)-n-But>'l-4-[l-(4-cyanobenzyl)-5-imidazolylmethyl]-l-(2- 
5 methylphenyl)piperazin-2-one; 



4-[l-(4-Cyanobenzyl)-5-imidazolylmethyl]-5(S)-(2-fluoroethyl)-l-(3- 
15 chlorophenyl)piperazin-2-one; 

10 4-[3-(4-Cyanobenzyl)pyridin-4-yl]-l-(3-chlorophenyl)-5(S)-(2- 
methylsulfonylethyl)-piperazin-2-one; 



15 



4-[5-(4-Cyanobenzyl)-l-imidazolylethyl]-l-(3-chlorophenyl)piperazin- 
2-one; 

4-{3-[4-(-2-Oxo-2-H-pyridin-l-yl)benzyl]-3-H-imidazol-4- 
ylmethyl] benzonitrile; 



4-{3-[4-3-Methyl.2-oxo-2-H-pyridin-l-yl)benzyl]-3-H-imidazol-4- 
20 ylmethyl] benzonitrile; 

30 4-{3-[4-(-2-Oxo-piperidin-l-yl)benzyl]-3-H-imidazol-4- 
ylmethyllbenzonitrile; 

25 4-{3-[3-Methyl-4-(2-oxopiperidin-l-yl)-benzyl]-3-H-imidizol-4-ylmethyl)- 
benzonitrile; 

35 

(4-{3-[4-(2-Oxo-pyrrolidin-l-yl)-benzyl]-3H-imidizol-4-ylmethyl)- 
benzonitrile; 

30 

40 4-{344-(3-Methyl-2K>xo-2-H-pyrazin*l-yl)-benzyl-3-H-imioUzol-4-ylmethyl}- 
benzonitrile; 

4M3^2-Methoxy-4-(2-oxo-2-H-pyridin-l-yl)-benzyl]-3-H-imidizol-4- 
45 35 ylmethyll-benzonitrile; 

4-{l-[4-(5-CWoro-2-oxo-2H-pyridin-l-yl)-benzyl]-lH-pyrrol-2-ylmethyl}- 
benzonitrile; 
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44l-(2-axo-2H-[l,2']bipyrid^ 
benzonitrile; 

^[l-CS-Chloro^-oxo^H-fl^lbipjTidinyl-S'-ylmethyn-lH-pyrrol^- 
ylmethyl] -benzonitrile; 

4-[3-(2-Oxo-l-phenyl-l,2-dihydropyridin-4-ylraethyl)-3H-imidazol-4- 
ylmethyl] benzonitrile ; 

4-{3-[l-(3-Chloro-phenyl)-2-oxoa,2-^ 
imidazol-4-ylmethyl} benzonitrile; 

19,20-Dihydro-19-oxo-5H,17H-18,21-ethano-6,10:12,16-dimetheno-22H- 
imidazo[3,4-/r][l,8,ll > 141oxatriazacycloeicosine-9-carbonitrile; 

19- Crdoro-22,23-dihyo>o-22-ox(>-5^^ 

dibenzo[b,e]imidazo[4,3-/] [1,4,7,10, 13]dioxatriazacyclononadecine-9- 
carbonitrile; 

22,23-Dihydro-22-oxo-5H-21,24-ethano-6,10-raetheno-25H- 

dibenzo[b,e]imidazo[4,3-/][l,4,7,10,13]dioxatriazacyclononadecine-9- 

carbonitrile; 

20- Chloro-23,24-dihydro-23^xo-5H-22,25-ethano-6,10:12,16-dimetheno- 
12H,26H-benzo[6]imidazo[4,3-i][l,17,4,7,10]dioxatriazacyclohemicosine-9- 
carbonitrile; 

(S>20-Chloro-23,24-dihydro-2742-(methylsulfonyl)ethyl]-23-oxo-51f-22,25- 

ethano-6,10:12,16-dimetheno-12H,26H-benzo[6]imidazo[4,3- 

i][l,17,4,7,10]dioxatriazacyclohemicosine-9-carbonitrile; 

(±)-19,20-Dihydr(>-19-oxc)-5H-18,21-ethano-12,14.etJieno-6 I 10-metheno- 
22H-benzo[c?]imidazo[4,3-A][l,6,9,12]oxatriazacyclooctadecine-9- 
carbonitrile; 
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(+)-19,20-Dihydro-19-oxo-5H-18,21-ethano-12,14-etheno-6,10-metheno- 
22#-benzo Id] imida zo [4,3-k] [1 ,6 ,9 , 12] oxatriazacyclooctadecine-9- 
carbonitrile; 

(0-19,20-Dihydro-19^xc^5if-18,21-ethano-1244-etheno-6AO-metheno-22//- 
ben2o[rf]imidazQ[4,3-^][l,6,9,12]oxatriazacyclooctadecine-9-carbonitrile; 

5ifA7^20H-18,21-Ethano^40:1246-cHmetheno-22H-imidazo[3,4- 
h\ [1 ,8 , 1 1, 14]oxatriazacycloeicosin-20-one; 

(±)-19,20-Dihydro-3-methyl-19-oxo-5H-18,21-ethanO'12,14-€theno-6,10- 

raetheno-22//-benzofc?]imidazo[4,3-A][l,6,9,12]oxatriazacyclooctadecine-9- 

carbonitrile; 

(+) or (-) -19,20-Dihydro-3-methyl-19-oxo-5H-18,21-ethano-12,14-etheno- 
6,10-metheno-22tf-benzo[d]imidazo[4,3- 

k] [l,6,9,12]oxatriazacyclooctadecine-9-carbonitrile; (Enantiomer A) 

(-) or (+) -19,20-Dihydro-3-methyl-19-oxo-5if-18,21-ethano-12,14-etheno- 
6, 10-metheno-22ff -benzo [d] imidazo [4,3- 

*][l,6,9,12]oxatriazacyclooctadecine-9-carbonitrile; (Enantiomer B) 

(±)-19,20-Dihydro-19,22-dioxo-5f/-18,21-ethano-12,14-etheno-6,10- 

metheno-22if-benzoMimidazo[4,3-A][l,6,9,12]oxatriazacyclooctadecine-9- 
carbonitrile; 




CN 
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1748-dihydro-18^xo-5H-6J0:12J6-dimetheno-12H,20i/-imidazo[4,3- 
c] [ 1 , 1 1 ,4]dioxaazacyclooctadecine-9-carboni trile ; 

(±)-17,18A9,20-tetrahydro-19-phenyl-5H-640:1246-dimetheno-21H- 
imidazolS^-ZiKl^jllloxadiazacyclononadecine-Q-carbonitrile; 

21,22-dihydro-5i/-640:12A6-dimetheno-23H-benzo|^]imidazo[4,3- 
Z][l,8,H]oxadiazacyclononadecine-9-carbonitrile; 



10 



22,23-dihydro-23-oxo-5if,2m-6,10:12,16-dimetheno-24^- . 
20 benzofe]imidazo[4,3-r7i][l,8,12]oxadiazaeicosine-9-carbonitrile; 

22,23-dihydro-5H,2m-6,10:12a6-dimetheno-24ff-benzofe]imidazo[4,3- 
15 m][l,8,ll]oxadiazaeicosine-9-carbonitrile; 

25 

l-(3-trifluoromethoxyphenyl)-4-[l-(4-cyano-3-methoxybenzyl)- 5- 
imidazolyl methyl] -2-piperazinone; 

30 20 or a pharmaceutically acceptable salt, stereoisomer or optical isomer 

thereof. 

Specific examples of a farnesyl-protein transferase inhibitor are 
35 l-(3-Chlorophenyl)-4-[l-(4-cyanobenzyl)-5-imidazolylmethyl]-2- 
25 piperazinone; 



(R)-l-(3-Chlorophenyl)^-[l-(4-cyanobenzyl)-o-imidazolylmethyl]-5-[2- 
(ethanesulfonyl)methyl]-2-piperazinone; 

30 4.[l.(5-CWoro-2-oxo-2H-tl,2']bipyridinyl-5'-ylmethyl)-lH-pyrrol-2- 
ylmethylj-benzonitrile; and 

45 l-[N-(l-(4-cyanobenzyl)-5-imidazolylmethyl)-N-(4-cyanobenzyl)amino]-4- 
(phenoxy)benzene; 

35 



50 
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(±)-19 f 20-Dihydro-19-oxo-5H-18,21-ethano-12,14-etheno-6,10-metheno-22H- 
benzo[d]imidazo[4 f 3-k]fl,6,942]oxatriaza-cyclooctadecine-9-carbonitrile; 

1- (3-trifluoromethoxypheny])-4-[l-(4-cyano-3-methoxy benzyl)- 5- 
imidazolyl methyl |-2-piperazinone; 

3-(biphenyl-4-ylmethoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
3-Cbiphenyl-4-yl-2-ethoxy)-4-imidazol-l-ylmethylbenzonitrile; 
3-(biphenyl-3-ylmethoxy)-4-imidazol-l-ylmethyl-benzoiiitrile; 

2- (biphenyl-4-ylmethoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-G)iphenyl-4-yl-2-ethoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

1- tert-butoxycarbonyl-4-(3-chlorophenyl)-2(S)42-(2-cyano-54midazol-l- 
ylmethyl-phenoxy)ethyl]piperazine; 

2- (3-chlorophenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(4-chlorophenyl-2-ethoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(3-chlorophenyl-2-ethoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(2-chlorophenyl-2-ethoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(phenyl-2-ethoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(3-chlorobenzyloxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(4-chlorobenzyloxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(2,4-dichlorobenzyloxy)-4-imidazol-l-ylmethyl-benzonitrile; 
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2-(benzyloxy)-4-imidazol- 1-ylmethyl-benzonitrile; 

2-(biphenyl-2-ylmethoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(phenyl-4-butoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(phenyl-3-propoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(biphenyl-4-yl-2-ethoxy)-4-(l,2,4-triazoM-yl)methyl-benzonitrile; 

2-(biphenyl-4-yl-2-ethoxy)-4-(2-methyl-imidazol-l-yl)methyl-benzonitrile; 

2-(biphenyl-4-yl-2-ethoxy)-4-benzimidazoI-l-yl)methyl-benzonitrile; 

4-imidazol-l-ylmethyl-2-(naphthalen-2-yloxy)-benzonitrile; 

2-(3-cyanophenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(3-bromophenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(biphen-3-yloxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(biphen-4-yloxy)-4-imidazol- 1-ylmethyl-benzonitrile; 

2-(3-acetylphenoxy)-4-inudazol- 1-ylmethyl-benzonitrile; 

2-(2-acetylphenoxy)-4-inudazol- 1-ylmethyl-benzonitrile; 

2-(3-trifluoromethylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(3-methylphenoxy)-4-imidazol- 1-ylmethyl-benzonitrile; 

2-(2-methylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(4-methylphenoxy)-4-irnidazol-l-ylmethyl-benzonitrile; 
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2-(3-methoxyphenoxy)-4-imida2ol-l-ylmethyl-benzonitrile; 
2-(2-methoxyphenoxy)-4-imidazoM-ylmethyl-benzonitrile; 

5 

2-(4-methoxyphenoxy)-4-imidazoM-ylmethyl-benzonitrile; 
2-(3,5-dimethylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
10 2-(3,4-dimethylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(3,5-dimethoxyphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-( 1 -naphthyloxy)-4-imidazol- 1 -ylmethyl-benzonitrile; 

15 

2-(2,4-dichlorophenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(3-fluorophenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
20 2-(3-t-butylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2^3-(N,N-diethylamino)phenoxy]-4-imidazol-l-ylmethyl-benzonitrile; 
2-(3-n-propylphenoxy)-4-imidazoM-ylmethyl-benzonitrile; 

25 

2-(2,3-dimethoxyphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(2,3-dimethylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
30 2-(3,4-dimethoxyphenoxy)-4-iniidazol-l-ylmethyl-benzonitrile; 
2-(2,5-dimethoxyphenoxy)-4-imidazol-l-ylmethyl-berizonitrile; 
2-(3,4-dichlorophenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
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15 



2-(2,4-dimethylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(4-chloro-2-methylphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

5 2-(5-chloro-2-methy]phenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(2-chloro-4,5-dimethylphenoxy)-4-imidazoM-ylmethyl-benzonitrile; 

2-(5-hydroxymethyl-2-methoxyphenoxy)-4-imidazol-l-ylmethyl- 
10 benzonitrile; 

20 4-imidazol-l-ylmethyl-2-(3-phenylamino-phenoxy)-benzonitrile; 

4-imidazol-l-ylmethyl-2-[3-(2-methylphenylamino)-phenoxy]- 
15 benzonitrile; 

25 

4-imidazol-l-ylmethyl-2-(3-phenoxy-phenoxy)-benzoaitrile; 
2-(2-benzoyl-pheaoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

30 20 

l-(5-chloro-2-methoxy-phenyl)-3-[3-(2-cyano-5-imidazol-l-ylmethyl- 
phenoxy)-phenyl] -urea; 

35 l-(2 > 5-dimethoxy-phenyl)-3-[3-(2-cyano-5-imidazol-l-ylmethyl-phenoxy)- 
25 phenyl] -urea; 



40 



45 



50 



30 



2-(3-benzyloxy-phenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(4-benzyloxy-phenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(2-benzyl-phenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(3-ethynyl-phenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
35 2-(4-acetyl-3-methyl-phenoxy)-4-iirudazol-l-ylmethyl-benzonitrile; 
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4-imidazol-l-ylmethyl-2-(lH-indazol-6-yloxy)-benzonitrile; 

^imidazol-l-ylmethyl^-CS^JjS-tetrahydro-naphthalen-l-yloxy)- 
benzonitrile; 

4-imidazoM-ylmethyl-2-(8-oxo-5,6,7,8-tetrahydro-naphthalen-l-yloxy)- 
benzonitrile; 

4-imidazol-l-ylmethyl-2-(Lff-indol-7-yloxy)-benzonitrile; 

4-imidazol-l-ylmethyl-2-(3-oxo-indan-4-yloxy)-benzonitrile; 

4-imidazoM-ylmethyl-2-(LH r -indol-4-yloxy)-benzonitrile; 

2- [3-(2-hydroxy-ethoxy)-phenoxy] -4-imidazol- 1-ylmethyl-benzonitrile; 
4-imidazol-l-ylmethyl-2-(4-imidazol-l-yl-phenoxy)-benzonitrile; 
4'-(2-cyano-5-imidazol-l-ylmethyl-phenoxy)-biphenyl-4-carbonitrile; 
iV-[3-(2-cyano-5-imidazol-l-ylmethyl-phenoxy)-phenyl]-acetamide; 
4-imidazol-l-ylmethyl-2-(9-oxo-9H-fluoren-4-yloxy)-benzonitrile; 

3- (2-cyano-5-imidazol-l-ylmethyl-phenoxy)-iVphenyl-benzamide; 

3-(2-cyaiio-5-imidazol-l-ybnethyl-phenoxy)-N-ethyl-iV'-phenyl-benzarnide; 

3-(2-cyano-5-imidazol-l-ylmethyl-phenoxy)-N-cyclopropylmethyl-JV'- 
phenyl-benzamide; 

2-(5-chloro-pyridin-3-yloxy)-4-imidazol-l-ylmethy]-benzonitrile; 
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N-[3-(2-cyano-5-imidazoM-ylmethyl-phenoxy)-phenyl]- 
benzenesulfonamide; 

4-imidazol-l-ylmethyl-2-(indan-5-yloxy)-benzonitrile; 

3- (9ff-carbazol : 2-yloxy)-4-imidazol-l-ylmethy]-benzonitrile; 

4- imidazol-l-ylmethyl-2-(5,6,7,8-tetrahydro-naphthalen-2-yloxy)- 
benzonitrile; 

4-imidazol-l-ylmethyl-2-(2-methoxy-4-propenyl-phenoxy)-benzonitrile; 

4-imidazol-l-ylmethyl-2-[4-(3-oxo-butyl)-phenoxy]-benzonitrile; 

2-(3-chlorophenoxy)-5-imidazol-l-ylmethyl-benzonitrile; 

2-(4-chlorophenoxy )-4-imidazol- 1 -ylmethyl-benzoni trile; 

2-(3,5-dichlorophenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(pyridin-3-yIoxy)-4-imidazoM-ylmethyl-benzonitrile; 

2-(2-chlorophenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(3-chlorophenoxy)-5-(4-phenyl-imidazol-l-ylmethyl)-benzonitrile; 

2-(biphen-2-yloxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(phenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(2-chloro-4-methoxyphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 

2-(2-chlorophenylsulfanyl)-4-imidazol-l-ylmethyl-benzonitrile; 

4-imidazol-l-ylmethyl-2-(naphthalen-2-ylsulfanyl)-benzonitrile; 
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15 



20 



25 



2-(2,4-dichlorophenylsulfanyl)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(2,4-dichloro-benzenesulfinyl)-4-imidazol-l-ylmethyl-benzonitrile; 

5 

2-(2,4-dichloro-benzenesulfonyl)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(2-methyl-pyridin-3-yloxy)-4-imidazol-l-ylmethyl-benzonitrile; 
10 2-(2,4-dimethy]-pyridin-3-yloxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(4-chIoro-2-methoxyphenoxy)-4-imidazol-l-ylmethyl-benzonitrile; 
2-(2-chlorophenoxy)-4-(5-methyl-imidazol-l-ylmethyl)-benzonitrile; 
2-(2-chlorophenoxy)-4-(4-methyl-imidazol-l-ylmethyl)-benzonitrile; 



15 



20 



35 



2-(3-chloro-5-trifluoromethyl-pyridin'2-yloxy)-4-imidazol-l-ylmethyl- 
benzonitrile; 

2-(2,4-dichlorophenoxy)-4-(2-methyl-imidazol-l-ylmethyl)-benzonitrile; 

iV-[3-(2-cyano-5-imidazol-l-ylmethyl-phenoxy)-phenyl]-benzamide; 

25 2- [3-(2-cyano-5-imidazol-l-ylmethyl-phenoxy)-phenyl] -iV-phenyl- 
acetamide; 

40 4-imidazol-l-ylmethyl-2-(quinolin-6-yloxy)-benzonitrile; 

30 4-imidazol-l-ylmethyl-2-(2-oxo-l,2-dihydro-quinolin-6-yloxy)-benzonitrile; 

45 AT-[3-(2-cyano-5-imidazol-l-ylmethyl-phenoxy)-phenyl]-2-phenyl- 
acetamide; 



50 



35 5 -(2-cyano-5-imidazol-l-ylmethyl-phenoxy)-iV-cyclohexyl -nicotinamide; 
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//-(3-chloro-phenyl)-5-(2-cyano-5-imidazol-l-ylmethyl-phenoxy)- 
nicotinamide; 

5 2-(2,3-dimethoxyphenoxy)-4-(2,4-dimethyl-iniidazol-l-ylmethyl)- 
benzonitrile; 

4-(2-methyl-imidazol-l-ylmethyl)-2-(naphthalen-2-yloxy)-benzonitrile; 
10 4-(l-imidazol-l-yl-l-methyl-ethyl)-2-(naphthalen-2-yloxy)-benzonitrile; 

1- [4-iodo-3-(naphthalen-2-yloxy)-benzyl] -1H -imidazole; 

acetic acid 3-[3-(2-chloro-phenoxy)-4-cyano-benzyl]-3H-imidazol-4- 
15 ylmethyl ester; 

2- (2-chloro-phenoxy)-4-(5-hydroxymethyl-imidazol-l-ylmethyl)- 
benzonitrile; 

30 20 4-(5-aminomethyl-imidazol- l-ylmethyl)-2-(2-chloro-phenoxy)- 

benzonitrile; 

N-{3-[4-cyano-3-(2,3-dimethoxy-phenoxy)-benzyl]-3H-imidazol-4- 
35 ylmethyl} -2-cyclohexyl-acetamide ; 



10 



15 



20 



25 



40 



25 



2-(3-chloro-phenoxy)-4-[(4-chloro-phenyl)-imidazol-l-yl-methyl]- 
benzonitrile; 



2-(3-chloro-phenoxy)-4-[l-(4-chloro-phenyl)-2-hydroxy-l-imidazoM-yl- 
30 ethyl] -benzonitrile; 

45 2-(3-chloro-phenoxy)-4-[(4-chloro-phenyl)-hydroxy-(3i/-imidazol-4-yl)- 
methyl] -benzonitrile; 



50 
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2-(2,4-dicUoro-phenylsulfanylM-[5-(2-morpholin-4-yl-ethyl)-imidazol-l- 
ylmethyl]-benzonitrile; 

2- (2,4-dichloro-phenoxy)-4-[5-(2-morpholin-4-yl-ethyl)-imidazol-l" 
ylmethyl] -benzonitrile; 

4-|>ydroxy-(3-methyl-3//-imidazol-4-yl)-methyl]-2-(naphthalen-2-yloxy)- 
benzonitrile; 

44amino-(3-methyl-3H-imidazol-4-yl)-methyl]-2-(naphthalen-2-yloxy)- 
benzonitrile; 

4-[l-hydroxy-l-(3-methyl-3^-imidazol^yl)-ethyl]-2-(naphthalen-2-yioxy^ 
benzonitrile; 

4-[l-amino-l-(3-methyl-3H-imidazol-4ryl)-ethyl]-2-(naphthalen-2-yloxy)- 
benzonitrile hydrochloride; 

3- {2-cyano-5-[l-amino-l-(3-methyl-3if-irnidazol-4-yl)-ethyl]-phenoxy}-iV- 
ethyl-iV-phenyl-benzamide; 

3- {2-cyano-5-[l-hydroxy-l-(3-methyl-3i74rnidazol-4-yl)-ethyl]-phenoxy)-iST- 
ethyl-2V-phenyl-benzamide; 

4- [l-hydroxy-l-(3-methyl-3H-imidazol-4-yl)-ethyl]-2-(3-phenylamino- 
phenoxy)-benzonitrile; 

4-[l-hydroxy-l-(3-methyl-3//-imidazol-4-yl)-ethylJ-2-(3-phenoxy-phenoxy)- 
benzonitrile; 

2-(3-benzoyl-phenoxy)-4-[l-hydroxy-l-(3-methyl-3^-imidazol-4-yl)-ethyl]- 
benzonitrile; 
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2-(3^ert*butyl-phenoxy)-4-[l-hydroxy-l-(3-methyl-3H-iniidazol-4-yl)- 
ethyl] -benzonitrile; 

2-(3-diethylamino-phenoxy)-4-[l-hydroxy-l-(3-methyl-3if-imidazol-4-yl)- 
5 ethyl] -benzonitrile; 

2-(5-chloro-2-oxo-2H-[l,2 , ]bipyridinyl-5 , -ylmethoxy)-4-imidazol-l- 
ylmethyl-benzonitrile; 

1 0 4-Imidazol-l-ylmethyl-2- [2-(2-oxo-2//-pyridin- l-yl)-phenoxy] -benzonitrile; 

4-Imidazol-l-ylmethyl-2- [3-(2-oxo-2H- pyridin-l-yl)-phenoxy]- 
benzonitrile; 

25 15 4-Imidazol-l-ylmethyl-2-[4-(2-oxo-2#- pyridin-l-yl)-phenoxy]- 

benzonitrile; 



10 



15 



20 



30 



45 



50 



4-imidazol-l-ylmethyl-2-[3-(2-oxo-piperidin-l-yl)-phenoxy] -benzonitrile; 
20 4-imidazol-l-ylmethyl-2-[4-(2-oxo-piperidin-l-yl)-phenoxy] -benzonitrile; 



4-imidazol-l-ylmethyl-2-[2-(3-methyl-2-oxo-piperidin-l-yl)-phenoxy]- 
35 benzonitrile; 

25 4-imidazol-l-ylmethyl-2-(3-morpholin-4-yl-phenoxy)-benzonitrile; 

40 4-imidazol-l-ylmethyl-2-(3-piperidin-l-ylmethyl-phenoxy)-benzonitrile; 

2-[2-(3,3-dimethyl-2-oxo-piperidin-l-yl)-phenoxy]-4-irnidazol-l-ylmethyl- 
30 benzonitrile; 



2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)*phenoxy]-4-imidazol-l-ylmethyl- 
benzonitrile; 
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2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxyI-4-(2-methyl-imidazol- 

1- yl)methyl-benzoni trile; 

2- t3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-(5-niethyl-imidazol- 
1 -yl)methy 1-ben zoni trile ; 

2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-(2,5-dimethyl- 
imidazol-l-yl)methyl-benzoni trile; 

243-(3-etJiyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-[l,2,4]triazol-4- 
ylmethyl -benzonitrile; 

2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxyl-4-[l,2,4]triazol-l- 
ylmethyl-benzonitrile; 

4-imidazol- l-ylmethyl-2- [3-( l-methyl-2-oxo-azepan-3-y 1 )-phenoxy] - 
benzoni trile; 

4-imidazoM-ylmethyl-2-[3-(l-methyl-2-oxo-azocan-3-yl)-phenoxyl- 
benzonitrile; 

4-imidazol-l-ylmethyl-2-[3-(l-methyl-2-oxo-piperidin-3-yl)-phenoxy]- 
benzonitrile; 

44midazol-l-ylmethyl-243-(3-ethyl-l-methyl-2-oxo-piperidin-3-yl)- 
phenoxy] -benzonitrile ; 

4-imidazol-l-ylmethyl-2-[3-(2-oxo-azepan-3-yl)-pbenoxy]-benzonitrile; 

2-[3-(3-hydroxymethyl-l-methyl-2^xo-azepan-3-yl)-phenoxy]-4-imidazol- 
1 -ylme thy 1 -benzonitrile ; 

2-[3-(3-cyclopropylmethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4- 
imidazol-l-ylmethyl-benzonitrile; 
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2-[4^bromo-3-(3-cyclopropylniethyl-l-inethyl-2-oxo-azepan-3-yl)-phenoxy]- 
4-imidazol-l-ylmethyl-benzonitrile; 

2-[3-(3-methoxymethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-imidazol- 
1 -ylmethyl-benzonitrile; 

2*[3-(3-ethyl-2-oxo-azepan-3-yl)-phenoxy]-4-imidazol-l-yhnethyl- 
benzonitrile; 

2-[3~(3-ethyl-azepan-3-yl)-phenoxy]-4-imidazol-l-ylmethyl-benzonitrile; 

2- [3-(l-acetyl-3-ethyl-azepan-3-yl)-phenoxy]-4-iitiidazol-l-ylmethyl- 
benzonitrile; 

3- l3-(2-cyano-5-imidazol- l-ylmethyl-phenoxy)-phenyl] -3-ethy 1-azepane- 1- 
carboxylic acid -*ert-butyl ester; 

4- [5^2-amino-ethyl)-2-methyl^midazol-l-ylmethyl]-2-[3-(3-ethyl-l-methyl- 
2-oxo-azepan-3-yl)-phenoxy] -benzonitrile; 

2- (3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-[2-methyl-5-(2- 
morpholin-4-yl-ethyl)-imidazol-l-ylmethyl] -benzonitrile; 

N-[2-(3-[4-cyano-3-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]- 
benzyl}-2-methyl-3H-imidazol-4-yl)-ethyl]-acetamide; 

3- ethyl-3-[3-(3-imidazol-l-ylmethyl-phenoxy)-phenyl]-l-methyl-azepan-2- 
one; 

2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-(3-methyl-3-H- 
imidazol-4-ylmethyl)-benzonitrile; 

2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-(3H-imidazol-4- 
ylmethyD-benzonitrile; 
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2- [3-(3-ethyl- l-methyl-2-oxo-azepan-3-y l)-phenoxy] -4- [hydroxy-( 3-methy] - 

3 - if-imidazol-4-yl)-methyl J -benzonitrile; 

4- [ammo-(3-methyl-3-#-imidaz^^ 

5 oxo-azepan-3-yl)-phenoxy] -benzonitrile; 

2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-benzyl]-4-(3-methyl-3H- 
imidazole-4-carbonyl)-benzonitrile; 

10 2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-(hydroxy-pyridin-3- 
yl-methyl)-benzonitrile; 



243-(3-ethyi-l-methyl-2K)xo-azepan-3-yl)-phenoxy]-4-pyridin-3-ylmethyl- 
benzonitrile; 

15 

25 2-[3-(3-ethyl-l-methyi-2K)xo-azepan-3-yl)-phenoxy]-4-pyridin-2-ylmethyl- 
benzonitrile; 

2-[3-(3-ethyl-l-methyl-2-oxo-azepan-3-yl)-phenoxy]-4-[l-hydroxy-l-(3- 
30 20 methyl-3if-imidazol"4-yl)-ethyl]-benzonitrile; 

2-[3-(3-ethyl-l-methyl-2-oxo-azepan>3-yl)-phenoxy]-4-[l-amino-l-(3- 
methyl-3i/~imidazol-4-yl)-ethyl] -benzonitrile; 

35 

25 l-[l-(4'-Cyanobenzyl) imidazol-5-yLmethyl]-4-[l-phenyl-l- 
cyclopentylcarbonyl] piperazine; 

40 l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethylJ-4-[Cyclohexylphenylacetyl] 

piperazine; 

30 

l-[l-(4 , -Cyanobenzyl) imidazol-5-ybnethyl]-4-[l-(3-methoxyphenyl)-l- 
45 cyclopentylcarbonyl] piperazine; 

l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl]-4-[l-(3-phenoxyphenyl)-l- 
35 cyclopentylcarbonyl] piperazine; 



50 



- 503 - 



55 



WO 00/59930 



PCT/USOO/08762 



l-[l-(4'-Cyano-3-fluorobenzyl) imidazol-5-ylmethyl]-4-[l-(3- 
hydroxyphenyl)-l-cyclohexylcarbonyl] piperazine; 

l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl] piperazine-4-carboxylic acid- 
(2,6 -dime thoxy)benzyl ester; 

1- [l-(4'-Cyanobenzyl) imidazol-5-ylmethyl] piperazine-4-(DL-2-hydroxy-2- 
(o-methoxyphenyl)) acetamide; 

l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl]-4-[l-(2,6- 
dimethylbenzyloxycarbonyl] piperazine; 

l-[l-(4'-Cyanobenzyl) imidazol-5-ybnethyI]-4-[l-(2-methoxyphenyl)-l- 
cyclopentylcarbonyl] piperazine; 

(+/-) l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl]-4-[l-(bicyclo [3.1.0] hex-3- 
yl)-l-(3-methaxyphenyl)-carbonyl] piperazine; 

(R/S) 2[4-((Phenyl)methyloxycarbonyl-l-piperazine)]-2-[l-(4'- 
cyanobenzyl)-2-methyl-5-imidazol]acetonitrile; 

l-[l-(4'-methylbenzyl) imidazol-5>ylmethyl]-4-[l-(2,6- 
dimetbylbenzyloxycarbonyl] piperazine; 

l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl] piperazine-4-carboxylic acid- 
(4-nitro)phenyl ester; 

1- [l-(4-Cyanobenzyl) imidazol-5-ylmethyl]-4-[3-(4-fluorophenyl)-3- 
(tricyclo[3.3.1.1 37 ]dec-2-yl)-propionyl] piperazine; 

2- (l«(4'-cyanobenzyl)imidazol-5-yl -2-[4-(phenylmethyloxy 
carbonyl)piperazin-l-yl] acetamide; 
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l-U-W-cyanobenzyl) imidazol-5-ylmethyl]-4-[l-(2-methoxy-5- 
chlorobenzyloxycarbonyl] piperazine; 

10 

l-[l-(4'-cyanobenzyl) imidazol-5-ylmethyl]-4-[l- 
5 (pentafluororobenzyloxycarbonyl] piperazine; 

15 l-[l-(4'-cyanobenzyl) imidazol-5-ylmethyl]-4-[l-(2- 

ethoxybenzyloxycarbonyl] piperazine; 

10 l-[l-(4'-cyanobenzyl) imidazol-5-ylmethyl]-4-{l-[(2-raethoxypyridin-3- 
yDmethyloxycarbonyl]} piperazine; 



20 



25 



30 



35 



50 



15 



l-[l-(4'-cyanobenzyl) imidazol-5-ylmethyl]-4-[l-(2- 
trifluoromethoxybenzyloxycarbonyl] piperazine; 

l-[l-(4'-cyanobenzyl) imidazol-5-ylmethyl]-4-[l-(2,3- 
methylenedioxybenzyloxycarbonyl] piperazine; 



l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl] piperazine-4-carboxylic acid 
20 benzyl ester; 

l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl]-piperazine-3-carboxylic acid- 
4-carboxylic acid benzyl ester; 

25 l-[l-(4 , -Cyanobenzyl) iraidazol-5-ylmethyl]-3-methyl carboxy -piperazine- 
4-carboxylic acid benzyl ester; 

40 l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl] piperazine-4-(N-3-isopropenyl- 

l,l-dimethylbenzyl)carboxamide ; 

30 

1- Kl-te'-cyanobenzyl) iinidazol-5-ylmethyl]-4-phenylmethanesulfonyl - 
45 (cis)-2,6-dimethylpiperazine; 

2- ((4'-cyanobenzyl)-5-imidazolyl))-2-[(4 , -phenylmethyloxycarbonyl) 
35 piperazin-l'-yllacetonitrile; 
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10 



15 



20 



25 



40 



50 



10 



l-U-(4'-Cyanobenzyl) imidazol-5-ylmethyl]-4-(2-tert-butyl-3- 
phenyDpropionyl piperazine; 

l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl]-4-[l-(4-methoxyphenyl)-l- 
cyclohexyllcarbonyl piperazine; 

l-tl-l-C^-Cyanobenzyl) iniidazol-5-ylniethyl]-4-{l-[(2-ethoxypyridin-3- 
yDmethyloxycarbonyl] piperazine; 

l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl]-4-[l-(2- 
methanesulfonylbenzyloxycarbonyl) piperazine; 



l-[l-(4'-Cyanobenzyl) imidazol-5-yl)-2-(ethoxybenzyl)]piperazine-4- 
15 carbamide; 

[l-((l(4 , -Cyanobenzyl)-2-methyl)imidazol-5-yl)-4- 
(benzyloxycarbonyl)]piperazine; 

30 20 l-U-W-Cyanobenzyl) imidazol-5-yl methyl] piperazine-4-(N-3- 

methyl benzyl)carboxamide; 

l-[l-(4'-Cyanobenzyl) imidazol-5-ylmethyl] piper azine-4-(N-2- 
35 chlorobenzyl)carboxamide; 



25 



l-[l-(4-Cyanobenzyl)imidazol-5-yl)-(2-methoxybenzyl)l piperazine-4- 
carboxamide; 



l-[l-(4-Cyanobenzyl)imidazol-5-ylH3-methoxy-6-chlorobenzyl)] 
30 piperazine-4-carboxamide; 

45 l-[l-(4'-Cyanobenzyl)imidazol-5-yl)-(2-methyl-5-clilorobenzyl)] piperazine- 

4-carboxamide; 
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10 



15 



20 



1- [l-(4'-Cyanobenzyl)imidazol-5-yl)-(3-phenylpropyl)] piperazine-4- 
carboxamide; 

l-[l-(4 , -Cyanobenzyl)imidazol-5-yl)-(2,5-dimethylbenzyl)] piperazine-4- 
5 carbamide; 

l-[l-(4 , -Cyanobenzyl)imidazole-5-ylmethyl]-4-benzyloxycarbonyl)-(trans)- 
2,5-dimethylpiperazine; 

10 l-[(4-cyanophenyl)methyliimdazol-5-ylmethyl] piperazine-4-2,4- 
dimethylbenzyloxycarbonyl; 



1- [C4-cyanophenyl)methylirnidazol-5-ylmethyl] piperazine-4-(2- 
methylbenzyloxycarbonyl); 

15 

25 l-[(4-cyanophenyl)methyhmidazol-5-ylmethyl] piperazine-4-(4'- 

acetamidobenzyloxycarbonyl); 

1- [(4-cyanophenyl)methylimidazol-5-ylmethyl] piperazine-4-[(3- 
30 20 methyl benzyloxycarbonyl); 

1- [(4-cyanophenyI)methylimidazol-5-ylmethyl] piperazine-4-(2'- 
methoxybenzyloxycarbonyl); 

35 

25 l-[(4-cyanophenyl)methylimidazol-5-ylmethyl] piperazine-4-(3'- 
methoxybenzyloxycarbonyl); 

40 l-[(4-cyanophenyl)methyhmidazol-5-ylmethyl] piperazine-4-(l- 

oxypyridine-3-methyloxycarbonyl); 

30 

l-[(4-cyanophenyl)methylimidazol-5-ylmethyl] piperazine-4-(3- 
45 pyridinemethyloxycarbonyl); 

1- [(4-cyanophenyl)methylimidazol-5-ylmethyl] piperazine-4-(4'- 
35 pyridinemethyloxycarbonyl); 
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l-[(4-cyanophenyl)methylimidazol-5-ylmethyl] piperazine-4-(2\5'- 
dimethylbenzyloxycarbonyl); 

l-[(4-cyanophenyl)methylimidazo]-5-ylmethyl] piperazine-4-[(l,3- 
benzodioxolan-5-methyl)oxycarbonyl]; 

or a pharmaceutically acceptable salt or optical isomer thereof. 

15. The method according to Claim 14 wherein the prenyl- 
protein transferase inhibitor is selected from: 

l-(3-Chlorophenyl)-4-[l-(4-cyanobenzyl)-5-imidazolylmethyl|-2- 
piperazinone; 

(R)-l-(3-Chlorophenyl)-4-[l-(4-cyanobenzyl)-5-imidazolylmethyl]-5-[2- 
(ethanesulfonyl)methyl]-2-piperazinone; 

4-[l-(5-Chloro-2-oxo-2H-[l,2 , lbipyridinyl-5 , -ylmethyl)-lH-pyrrol-2- 
ylraethyJJ-benzonitrile and 

l-fN-(l-(4-cyanobenzyl)-5-imidazolylmethyl)-N-(4-cyanobenzyl)amino]-4- 
(phenoxy)benzene 

or a pharmaceutically acceptable salt or optical isomer thereof. 

16. A pharmaceutical composition for achieving a therapeutic 
effect in a mammal in need thereof which comprises amounts of at least 
one inhibitor of prenyl-protein transferase and at least one PSA 
conjugate. 

17. The pharmaceutical composition according to Claim 16 
comprising an amount of a prenyl-protein transferase inhibitor and an 
amount of a PSA conjugate. 
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18. The pharmaceutical composition according to Claim 16 
wherein the therapeutic effect is treatment of cancer. 

10 19. The pharmaceutical composition according to Claim 16 

5 wherein the therapeutic effect is selected from inhibition of cancerous 
tumor growth and the regression of cancerous tumors. 

15 20. The method according to Claim 14 wherein the cancer is a 

cancer related to cells that express enzymatically active PSA. 

10 

21. The method according to Claim 20 wherein the cancer is 
20 prostate cancer. 

22. A method of preparing a pharmaceutical composition for 
15 achieving a therapeutic effect in a mammal in need thereof which 

25 comprises mixing amounts of at least one inhibitor of prenyl-protein 

transferase and at least one PSA conjugate. 

23. The method of preparing a pharmaceutical composition 

30 20 according to Claim 22 comprising mixing an amount of a prenyl-protein 

transferase inhibitor and an amount of an PSA conjugate. 

24. A method of treating cancer in a mammal in need thereof 
35 which comprises administering to said mammal amounts of at least one 

25 inhibitor of prenyl-protein transferase and at least one PSA conjugate 
and applying to the mammal radiation therapy. 

40 25. The method according to Claim 24 wherein an amount of a 

prenyl-protein transferase inhibitor and an amount of a PSA conjugate 
30 are administered simultaneously. 



45 

35 

50 



26. The method according to Claim 24 wherein an amount of a 
prenyl-protein transferase inhibitor and an amount of an PSA conjugate 
are administered consecutively. 
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SEQUENCE LISTING 

<110> Merck & Co., Inc. 

Defeo- Jones, Deborah 
Jones, Raymond E. 
Oliff. Allen I. 

<120> A METHOD OF TREATING CANCER 



<130> 20420 

<150> 60/127,746 
<151> 1999-04-05 

<160> 87 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> C-terminus of human protein 
<400> 1 

Cys Val He Met 
1 

<210> 2 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> C-terminus of human protein 
<400> 2 

Cys Val Leu Leu 
1 

<210> 3 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> C-terminus of human protein 
<400> 3 

Cys Val Val Met 
1 
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<210> 4 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> C-terminus of human protein 

<400> 4 ' 
Cys He He Met 
1 

<210> 5 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> C-terminus of human protein 
<400> 5 

Cys Leu Leu Leu 
1 

<210> 6 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> C-terminus of human protein 
<400> 6 

Cys Gin Leu Leu 
1 

<210> 7 
<21i> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic sequence 
<400> 7 

Cys Ser He Met 
1 

<210> 8 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 
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<223> completely synthetic sequence 
<400> 8 

Cys Ala He Met 
1 

<210> 9 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> C-terminus of human protein 
<400> 9 

Cys Lys Val Leu 
1 

<210> 10 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> C-terminus of human protein 

<400> 10 
Cys Leu He Met 
1 

<210> 11 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> C-terminus of human protein 

<400> 11 
Cys Val Leu Ser 
1 

<210> 12 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> C-terminus of human protein 

<400> 12 
Cys Val He Leu 
1 

<210> 13 
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<211> 4 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> C -terminus of human protein 

<400> 13 
Cys Asn. lie Gin 
1 

<210> 14 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 
<400> 14 

Asn Lys lie Ser Tyr Gin Ser 
1 5 

<210> 15 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 
<400> 15 

Asn Lys lie Ser Tyr Gin Ser Ser 
1 5 

<210> 16 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 
<400> 16 

Asn Lys lie Ser Tyr Gin Ser Ser Ser 
1 5 

<210> 17 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 
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<400> 17 

Asn Lys lie Ser Tyr Gin Ser Ser Ser Thr 
15 10 

<210> 18 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 
<400> 18 

Asn Lys lie Ser Tyr Gin Ser Ser Ser Thr Glu 
15 10 

<210> 19 
<211> 12 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 
<400> 19 

Ala Asn Lys lie Ser Tyr Gin Ser Ser Ser Thr Glu 
15 10 

<210> 20 
<2U> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> ACETYLATION 
<222> (1) . . . (1) 

<223> acetylated N-terminus amino acid 
<CO0> 20 

Ala Asn Lys lie Ser Tyr Gin Ser Ser Ser Thr 
15 10 

<210> 21 
<211> 12 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> ACETYLATION 
<222> (1) . . . {1) 

<223> acetylated N-terminus amino acid 
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<400> 21 

Ala Asn Lys lie Ser Tyr Gin Ser Ser Ser Thr Leu 
1 . 5 10 

<210> 22 
<211> 12 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> ACETYLATION 
<222> (1}...(1) 

<223> acetylated N-terminus amino acid 
<400> 22 

Ala Asn Lys Ala Ser Tyr Gin Ser Ala Ser Thr Leu 
15 10 

<210> 23 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> ACETYLATION 
<222> (1)...(1) 

<223> acetylated N-terminus amino acid 
<400> 23 

Ala Asn Lys Ala Ser Tyr Gin Ser Ala Ser Leu 
15 10 

<210> 24 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> ACETYLATION 
<222> (1) . . . (1> 

<223> acetylated N-terminus amino acid 
<400> 24 

Ala Asn Lys Ala Ser Tyr Gin Ser Ser Ser Leu 
15 10 

<210> 25 
<211> 10 
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<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> ACETYLATION 
<222> (1) . . . (1) 

<223> acetylated N- terminus amino acid 
<400> 25 

Ala Asn Lys Ala Ser Tyr Gin Ser Ser Leu 
15 10 

<210> 26 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> ACETYLATION 
<222> (1) . . . (1) 

<223> acetylated N- terminus amino acid 
* 

<400> 26 

Ser Tyr Gin Ser Ser Ser Leu 
1 5 

<210> 27 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (0) . . . (0) 

<223> N-acetylated homoarginine 
<400> 27 

Arg Tyr Gin Ser Ser Ser Leu 
1 5 

<210> 2B 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 
<221> ACETYLATION 
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<222> (!)...(!) 

<223> acetylated N-terminus amino acid 
<400> 28 

Lys Tyr Gin Ser Ser Ser Leu 
1 5 

<2i0> 29 
<211> 6 
<212> PRT 

<2i3> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> AC ETYLAT I ON 
<222> (1> . . . (1) 

<223> acetylated N- terminus amino acid 

<221> VARIANT 
<222> (6) . . . (6) 
<223> norleucine 

<400> 29 

Lys Tyr Gin Ser Ser Leu 
1 5 

<210> 30 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<22i> AC ETYLAT I ON 
<222> (1) . . . (1) 

<223> acetylated N-terminus amino acid 
<400> 30 

Lys Tyr Gin Ser Ser Ser Leu 
1 5 

<210> 31 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> AM ID ATI ON 
<222> (11) ... (11) 
<223> leucinamide 



-8- 



WO 00/59930 



PCT7US00/08762 



<400> 31 

Leu Asn Lys Ala Ser Tyr Gin Ser Ser Ser Leu 
15 10 

<210> 32 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 

<222> (1) . . . (1) 

<223> hydroxyacetylserine 

<221> VARIANT 

<222> {4) . . . (4) 

<223> cyclohexylglycine 

<400> 32 

Ser Ser Ser Xaa Gin Ser Leu 
1 5 

<210> 33 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 

<222> (1) . . . (1) 

<223> hydroxyacetylserine 

<221> VARIANT 

<222> (3) . . . (3) 

<223> cyclohexylglycine 

<400> 33 

Ser Ser Xaa Gin Ser Leu 
1 5 

<210> 34 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 

<222> (1) . . . (1) 

<223> ?EG2-carbonyl serine 
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<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 34 

Ser Ser Ser Xaa Gin Ser Leu 
1 5 

<210> 35 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) .. . (1) 

<223> N-acetyl-4-hydroxyproline 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 35 

Pro Ala Ser Xaa Gin Ser Leu 
1 5 

<210> 36 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) . . . (1) 

<223> N-succinyl-4-hydroxyproline 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 36 

Pro Ala Ser Xaa Gin Ser Leu 
1 5 

<210> 37 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 
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<223> completely synthetic amino acid sequence 

<221> VARIANT 

<222> (1) . (1) 

<223> 4-hydroxyproline 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 37 

Pro Ala Ser Xaa Gin Ser Leu 
1 5 

<210> 38 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1)...{1) 

<223> N-glutaryl-4-hydroxyproline 

<221> VARIANT 

<222> (4)... (4) 

<223> cyclohexylglycine 

<400> 38 

Pro Ala Ser Xaa Gin Ser Leu 
1 5 

<210> 39 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) ... (1) 

<223> N-acetyl-3, 4-dihydroxyproline 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 39 

Pro Ala Ser Xaa Gin Ser Leu 
1 5 

<210> 40 
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<211> 7 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) . . . (1) 

<2 2 3 > N- PEG2 -carbonyl -4 -hydroxypro 1 ine 

<221> VARIANT 

<222> (4)... (4) 

<223> cyclohexylglycine 

<400> 40 

Pro Ala Ser Xaa Gin Ser Leu 

i 5 

<210> 41 
<211> 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> <1)...{1) 

<223> N-acetyl-4-hydroxyproline 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<221> VARIANT 
<222> (7) ... (7) 

<223> 2-amino-4 , 4-diraethylpentanoic acid 
<400> 41 

Pro Ala Ser Xaa Gin Ser Xaa 
1 5 

<210> 42 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1)...{1) 

<2 2 3 > N-hydroxyace ty 1 - 4 -hydroxyprol ine 
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<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 42 

Pro Ala Ser Xaa Gin Ser Leu 
1 5 

<210> 43 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> <!)... (1) 

<2 2 3> N-hydroxyacety 1 - 4 -hydroxyproline 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 43 

Pro Ala Ser Xaa Gin Ser Val 
1 5 

<210> 44 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 

<222> (1) . . . (1) 

<223> 4 -hydroxyproline 

<221> AMIDATION 
<222> (7) . . . (7) 
<223> leucinamide 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 44 

Pro Ala Ser Xaa Gin Ser Leu 
1 5 

<210> 45 
<211> 7 
<212> PRT 
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<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) . . . (1) 
<223> N-acetylserine 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 45 

Ser Ser Ser Xaa Gin Ser Val 
1 5 

<210> 46 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) . . . (1) 

<223> N-PEG2 carbonyl -4-hydroxyproline 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 46 

Pro Ser Ser Xaa Gin Ser Val 
1 5 

<210> 47 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> AC ETYLATI ON 
<222> (1) . . . (1) 
<223> N-acetylserine 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 47 

Ser Ser Ser Xaa Gin Ser Leu 
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<2i0> 48 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) . . . (1) 

<223> N-PEG2-carbonyl-4-hydroxyproline 

<221> VARIANT 

<222> (4) . , . (4) 

<223> eye lohexyl glycine 

<400> 48 

Pro Ser Ser Xaa Gin Ser Leu 
1 5 

<210> 49 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) . . . (1) 

<223> N-acetyl-4-trans-L-hydroxyproline 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 49 

Pro Ser Ser Xaa Gin Ser Ser Pro 
1 5 

<210> 50 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) . . . (1) 

<22 3 > N-acetyl -4 - trans -L-hydroxyproline 
<221> VARIANT 
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<222> (4)... (4) 

<223> cyclohexylglycine 

<400> 50 

Pro Ser Ser Xaa Gin Ser Gly 
1 *5 

<210> 51 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) ... (1) 

<223> N-acetyl-4-trans-L-hydroxyproline 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<221> METHYLATION 

<222> (B) . . . (8) 

<223> N-methylglycine 

<400> 51 

Pro Ser Ser Xaa Gin Ser Ser Gly 
1 5 

<210> 52 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) . . . (1) 

<223> N-acetyl-4-trans-L-hydroxyproline 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 52 

Pro Ser Ser Xaa Gin Ser Ser Pro 
1 5 

<210> 53 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) . . . (1) 

<223> N-acetyl-4-trans-L-hydroxyproline 



<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylgiycine 

<400> 53 

Pro Ser Ser Xaa Gin Ser Val 
1 5 

<210> 54 
<2U> 8 
<212> PRT 

<213> Artificial Sequence 



<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) . . . (1) 

<223> N-acetyl-4-trans-L-hydroxyproline 



<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylgiycine 



<221> VARIANT 
<222> (8) . . . (8) 

<223> 4-trans-L-hydroxyproline 
<400> 54 

Pro Ser Ser Xaa Gin Ser Ser Pro 
1 5 



<210> 55 
<211> 7 
<212> PRT 

<213> Artificial Sequence 



<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> <1) . . . (1) 

<223> N-acetyl-2-aminobutyric acid 



<221> VARIANT 

<222> (4). ..(4) 

<223> cyclohexylgiycine 
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<400> 55 

Ala Ser Ser Xaa Gin Ser Pro 
1 5 

<210> 56 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (i) . . . (1) 

<223> N-acetyl-2-aminobutyric acid 

<221> VARIANT 

<222> (4.) ... (4) 

<223> eye lohexyl glycine 

<400> 56 

Ala Ser Ser xaa Gin Ser Pro 
1 5 

<210> 57 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> {1} . . . (1) 

<223> N-acetyl-3-pyridylalanine 

<221> VARIANT 

<222> (4) . . . (4) 

<223> eye lohexyl glycine 

<400> 57 

Xaa Ser Ser Xaa Gin Ser Ser Pro 
1 5 

<210> 58 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) . . . (1) 
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<223> N-acetyl -4 -trans-L-hydroxy (proline 

<221> VARIANT 

<222> (4) . . . (4) 

<223> eye lohexyl glycine 

<400> 58 

Pro Ser Ser Xaa Gin Ser Val 
1 5 

<210> 59 

<211> 7 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1)...<1) 

<223> N-acetyl-4 -trans-L-hydroxy [proline 

<221> VARIANT 

<222> (4)... (4) 

<223> cyclohexylglycine 

<400> 59 

Pro Ser Ser Xaa Gin Ser Leu 
1 5 

<210> 60 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) . . . (1) 

<223> N-glutaryl -4 -trans-L-hydroxy [proline 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 60 

Pro Ala Ser Xaa Gin Ser Leu 
1 5 

<210> 61 

<211> 7 

<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) . . . (1) 

<223> 4 -trans -L-hydroxy [proline 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 61 

Pro Ala Ser Xaa Gin Ser Leu 
1 5 

<210> 62 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1} . . . (1) 

<223> N-acety 1 -4 -trans -L-hydroxy [proline 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 62 

Pro Ser Ser Xaa Gin Ser 
1 5 

<210> 63 
<211> 5 
<212> PRT 

<213> oArtificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) . . . (1) 

<223> N-acetyl -4 -trans -L-hydroxy [proline 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 63 

Pro Ser Ser Xaa Gin 
1 5 
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<210> 64 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> (1) . . . {1} 

<223> N-hydroxyacetyl-2-L-aminobutyric acid 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 64 

Xaa Ser Ser Xaa Gin Ser 
1 5 

<210> 65 

<211> 7 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> VARIANT 
<222> 

<223> N-hydroxyacetyl-2-L-aminobutyric acid 

<221> VARIANT 

<222> (4) . . . (4) 

<223> cyclohexylglycine 

<400> 65 

Xaa Ser Ser Xaa Gin Ser Pro 
1 5 

<210> 66 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> ACETYLATION 
<222> (1) . . . (1) 
<223> N-acetylserine 

<221> VARIANT 

<222> (2) . . . (2) 

<223> cyclohexylglycine 
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<400> 66 

Xaa Xaa Gin Ser Ser Pro 
1 5 

<210> 67 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 

<221> AC ET YLAT I ON 
<222> (1)...(1) 
<223> N-acetylserine 

<221> VARIANT 

<222> {2) . . . (2) 

<223> eye lohexylgly cine 

<400> 67 

Xaa Xaa Gin Ser Ser 
1 5 

<210> 68 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> completely synthetic amino acid sequence 
<400> 68 

Gly Lys Lys Lys Lys Lys Lys Ser Lys Thr Lys Cys Val lie Met 
15 10 15 

<210> 69 
<211> 52 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> completely synthetic DNA sequence 
<400> 69 

gagagggaat tcgggccctt cctgcatgct getgetgetg ctgctgctgg gc 52 

<210> 70 
<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> completely synthetic DNA sequence 
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<400> 70 

gagagagctc gaggttaacc cgggtgcgcg gcgtcggtgg t 41 

<210> 71 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> completely synthetic DNA sequence 
<400> 71 

gagagagtct agagttaacc cgtggtcccc gcgttgcttc ct 42 

<210> 72 
<211> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> completely synthetic DNA sequence 
<400> 72 

gaagaggaag cttggtaccg ccactgggct gtaggtggtg get 43 

<210> 73 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> completely synthetic DNA sequence 
<400> 73 

ggcagagctc gtttagtgaa ccgtcag 27 

<210> 74 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> completely synthetic DNA sequence 
<400> 74 

gagagatctc aaggacggtg actgeag 27 

<210> 75 
<211> 86 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> completely synthetic DNA sequence 
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<400> 75 

tctcctcgag gccaccatgg ggagtagcaa gagcaagcct aaggacccca gccagcgccg 60 
gatgacagaa cacaagcttg tggtgg 86 

<210> 76 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> completely synthetic DNA sequence 



<400> 76 

cacatctaga tcaggacagc acagacttgc age 

<210> 77 
<211> 41 
<212> DNA 

<213> Artificial Sequence 



33 



<220> 

<223> completely synthetic DNA sequence 
<400> 77 

tctcctcgag gccaccatga cagaatacaa gcttgtggtg g 41 

<210> 78 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> completely synthetic DNA sequence 
<400> 78 

cactctagac tggtgtcaga gcagcacaca ettgeage 38 

<210> 79 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> completely synthetic DNA. sequence 
<400> 79 

gagagaattc gccaccatga eggaatataa gctggtgg 38 

<210> 80 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> completely synthetic DNA sequence 
<400> 80 

gagagtcgac gcgtcaggag agcacacact tgc 33 

<210> Bl 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> completely synthetic DNA sequence 
<400> 81 

ccgccggcct ggaggagtac ag 22 

<210> 82 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> completely synthetic DNA sequence 
<400> 82 

gagagaattc gccaccatga ctgagtacaa actggtgg 38 

<210> 83 

<211> 32 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> completely synthetic DNA sequence 

<400> 83 

gagagtcgac ttgttacatc accacacatg gc 32 

<210> 84 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> completely synthetic DNA sequence 
<400> 84 

gttggagcag ttggtgttgg g 21 

<210> 85 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> completely synthetic DNA sequence 
<400> 85 

gagaggtacc gccaccatga ctgaatataa acttgtgg 

<210> 86 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> completely synthetic DNA sequence 
<400> 86 

ctctgtcgac gtatttacat aattacacac tttgtc 

<210> 87 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> completely synthetic DNA sequence 
<400> 87 

gtagttggag ctgttggcgt aggc 
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Group XXXXV1II, claims 1-26, drawn to compositions and methods of use of D and J. 
Gr$up XXXXIX, claims 1-26, drawn to compositions and methods of use of D and K. 
Group XXXXX, claims 1-26, drawn to compositions and methods of use of D and L. 
Group X XXXXI, claims 1-26, drawn to compositions and methods of use of D and M. 
Group XXXXXH, claims 1-26, drawn to compositions and methods of use of D and N. 
Group XXXXXJII, claims 1-26, drawn to compositions and methods of use of D and 0. 
Group XXXXXJV, claims 1-26. drawn to compositions and methods of use of D and P. 
Group XX XXXV, claims 1-26, drawn to compositions and methods of use of D and Q. 
Group XX XX XVI, claims 1-26, drawn to compositions and methods of use of D and R. 



The inventions listed as Groups I-XXXXXVI do not relate to a single inventive concept under PCT Rule 13. 1 
because, under PCT Rule 13.2, they lack the same or corresponding special technical feature* fur the following reasons: 

Each of the compounds groups, A-D, and E-R are functionally and structurally distinct each from each other. 
There is no relationship disclosed that relates the cytologic activity of the compounds A-D lo the same target and 
function. There is no t>:*uctural feature in common between the compounds of E-R which has been identified in the 
disclosure which can be related to their activity as a Class I (famwyl but not gcranylgeranyl inhibiting), Claim II (dual, 
inhibiting farncsyl greater than geranylgeranyl) or Class III (dual, inhibiting geranylgeranyl greater than famcsyl) prenyl 
transferase inhibitor. As a consequence, there is no special lechinieal feature linking the compounds of cither A-D or E- 
R. Accordingly, every permutation of the combination of these two groups compounds corresponds u> a separate 
composition and method of use. 

Since all of the claims are generic to all of the inventions Groups, ail of the claims will he considered insofar 
as they read on Groups fnr which the search has been paid. 
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